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FOREWORD 


ON 24 AND 25 NOVEMBER 2006 close colleagues, 
friends and family gathered to celebrate the life and 
times of Neil Wilfred Archbold, one of Australia's 
most esteemed palaeontologists and a former presi¬ 
dent of the Royal Society of Victoria. His untimely 
death at age 55 while still at the peak of his career was 
a shock to his colleagues. A memorial symposium 
was held in his honour at the Royal Society of Victo¬ 
ria on Friday 24 November. This was followed on Sat¬ 
urday 25 November with a field excursion to the 
Archbold Gold Treatment works at Chewton anti to 
the Permian glacial sediments at Bacchus Marsh, both 
venues having been of special significance for Neil 
with respect to his geological work and scientific 
interests. 

The symposium, titled the “Neil IV Archbold 
Memorial Symposium", was held in the Hall of the 
Royal Society of Victoria at 9 Victoria Street, Mel¬ 
bourne. Seventeen speakers presented papers on a va¬ 
riety of topics, many reflecting Neil Archbold’s own 
geological, palaeontological, biological and historical 
interests. The Symposium commenced with a keynote 
paper given by Professor John Talent (Macquarie Uni¬ 
versity) which gave an evocative biographical sketch 
of Neil Archbold’s life and work, and concluded with 
a presentation by Professor Guang Shi who elaborated 
on some of Neil’s extensive contributions to brachio- 
pod research and the world Permian. About half of all 
the papers presented were in the disciplines of palae¬ 
ontology and geology. Other disciplines represented 
included biology, archaeology, environmental science, 
history of science and biography. Speakers attended 
from interstate and overseas, including three speakers 
from New Zealand. A number of overseas colleagues 
were unable to attend the symposium but offered pa¬ 
pers for the Proceedings. Countries represented were 
Argentina, China. Italy, Japan. Netherlands, New 
Zealand, Russia, Spain and United Kingdom. Many 
of these countries, and others, had been visited by 
Neil Archbold in the course of attending international 
conferences and committee meetings and to carry out 
excursions and field work. 

Professor Neil Archbold was a noted expert on 
Permian fossil brachiopods. He published exten¬ 


sively in his discipline. As well as being an interna¬ 
tionally recognised brachiopod specialist, taxonomist 
and biostratigrapher he was also a dedicated field 
naturalist studying, in particular, certain local butter¬ 
fly species and he also made contributions in the his¬ 
tory of geology and palaeontology. Neil Archbold 
was a Professor of Palaeontology at Deakin Univer¬ 
sity (Personal Chair) and made contributions as a 
teacher, administrator and science communicator. He 
played a pivotal role in raising the status of the Earth 
Sciences group at Deakin University to one of state, 
national and international significance. 

As a member of Council of the Royal Society of 
Victoria (1992-2005), Vice-President (1999-2000) 
and finally President (2001-2004) Neil made a great 
local contribution to the promotion of science and 
technology in the community especially through the 
publication of papers in the Proceedings of die Royal 
Society of Victoria. His influence is particularly no¬ 
ticeable if one peruses the Proceedings for the last 
decade. The high number of papers published on ge¬ 
ology and palaeontology is evident, many written or 
co-authored by Neil Archbold himself, or by his col¬ 
leagues, or under his encouragement. 

The Neil W. Archbold Memorial Symposium 
was jointly hosted by the Royal Society of Victoria 
and Deakin University. It was especially facilitated 
by a generous sponsorship from the Faculty of Sci¬ 
ence and Technology, Deakin University and also 
supported by donations from the Geological Society 
of Australia, including the GSA Victoria Division, 
the GSA Association of Australasian Palaeontolo¬ 
gists, and the GSA Earth Science History Group and 
also the Australian Skeptics. The donations from 
these organisations arc gratefully appreciated. The 
resulting special edition of the Proceedings is a valu¬ 
able further contribution by the Royal Society of 
Victoria to the promotion and communication of sci¬ 
ence in Victoria and beyond. 

Professor David Stokes 

Deputy Vice-Chancellor (Research) 

Deakin University 
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Wisdom begins in wonder . - Socrates (469-399 BC) 

My country is the world , and my religion is to do good . - Thomas Paine (1737-1809) 


NEIL WILFRED ARCHBOLD, born 14 August 
1950 in Ringwood, Victoria, was the younger son of 
Dorothy Alice Archbold (nee Fletcher) and the late 
Stuart James Archbold. The Archbold family was 
closely associated with the small, central Victorian 
gold-mining town of Chewton where Archbold's 
Gold Treatment Works had been operated by the 
Archbold family for over 100 years. The works com¬ 
menced operations with Jeremiah Archbold (1846- 
1917) and ended with Harry Archbold (1929-1988), 
a cousin of Neils father. Stuart. Among the Chewton 
Archbolds had been Ralph, at one time part-owner of 
the Wattle Gully Mine (opened 1876) just south of 
Chewton, the largest and most enduring gold mine in 
Victoria. Archbold’s was purchased in 1997 by Herit¬ 
age Council Victoria, renovated by them, and 
launched on 17 May 2003 as a major heritage feature 
and tourist attraction, coinciding with an Archbold 
family reunion. Neil and wife Linda were there for 
the unveiling. Much as Archbold’s was renowned for 
being able to extract gold from rocks that appeared 
utterly non-auriferous, Neil proved to be capable of 
extracting valuable scientific information from the 
most intractable palaeontologic materials. 

Though Neil seems rarely to have visited Arch¬ 
bold’s Gold Treatment Works with its monumental 
cumulates of discarded analytical equipment and 
mining machinery, Chewton with its crisp winters 
and desiccating summers, open eucalypt forests, and 
paddocks with mining-era mullock heaps was an 
ever-surprising place for him. It breathed with the 
collective toil of his ancestors- industrious people 
of stoic bent. It was the site of the Monster Meeting 
on 15 December 1851 by more than 10,000 (perhaps 
as many as 20,000) gold miners from Forest Creek 
and nearby goldfields protesting about doubling the 
cost of a licence to dig for gold. This, the first major 


protest against heavy taxation of miners—being tyr¬ 
annised by often corrupt goldfields officials, and 
being treated by Victoria's colonial government as 
second-rate citizens—may be viewed as the great an¬ 
tecedent of the events that culminated three years 
later in the battle at the Eureka Stockade. Ballarat, on 
3 December 1854. Because of its colourful history, 
Chewton is presently a prime target for archaeologi¬ 
cal investigations. 

Neil and brother Jim, very different but both very 
likeable personalities, were brought up in Mitcham, 
one of Melbourne’s eastern suburbs. As a child Neil 
was seriously ill but numerous major operations from 
when he was eight until he was twelve, undertaken by 
the renowned surgeon Sir Albert Ernest Coates (1895- 
1977). saved his life. Sir Albert had put Neil’s chances 
of survival at two per cent. In the three years 1958- 
1961 there had been 14 major bouts of surgery at Ep- 
worth Hospital in Richmond, a suburb of Melbourne. 
He had been chubby before the operations, but, after 
that multitude of operations, he resembled a broom¬ 
stick and remained that way for the rest of his life. 

Neil, whose life was punctuated by bouts of sur¬ 
gery, was always quick to give credit to his mother’s 
unrelenting attention to him—without her, he in¬ 
sisted, he would never have survived. 11 is mother has 
commented that every month, every day that Neil 
lived beyond age 12 was a bonus. And Neil, revelling 
in being alive, was grateful each morning he awoke, 
having survived another night. For him—perhaps 
more conscious of his being as a consequence of the 
traumas he had been through—every moment 
seemed imbued with heightened significance. It 
seemed there was never a moment that he felt life 
owed him anything. 

During World War II, Neil’s father, Stuart, had 
been a fighter-bomber pilot. He was one of the first 
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pilots to use rockets, and at one stage ran the 2 OTU 
dive-bombing school at Mildura. Subsequently, as a 
commercial pilot, he flew Douglas DC3s, DC4s and 
DC6s for Australian National Airways and then was 
one of Air Ceylon’s (now Sri Lankan Airlines) initial 
pilots, lie then joined Qantas, flying Super Constel¬ 
lations (which he loved), Electras and Boeing 707s 
until his retirement in 1975. Despite the prodigious 
mileage he had clocked up, the exhilaration of fly¬ 
ing—elegantly documented in his wartime diaries 
(now in Jim’s care)—never faded away. Stuart was 
killed at Bacchus Marsh on 12 May 1980 when a 
glider in which he was the passenger and the towing 
plane suddenly plummeted from an altitude of about 
500 ft (about 160 m). The tow plane was able to 
power out of the dive, narrowly missing the ground, 
but the glider impacted with the ground, killing Stu¬ 
art and the glider pilot. 

Neil early displayed a passion for all aspects of 
natural history, but he had a special love of Lcpidop- 
tera and arachnids. As a boy he and brother Jim de¬ 
lighted in rearing Emperor Gum Moths (Opodiphthera 
eucalypti (Scott)) from their enormous green cater¬ 
pillars found in eucalypt and peppercorn trees. They 
monitored the swift spread of the introduced Euro¬ 
pean Wasp (Vespula germanica (Fabricius)) and the 
corresponding rapid decline of Emperor Gum Moths 
in the vicinity of Melbourne to near extinction by the 
late 1970s. Jim developed a remarkable knowledge 
of the behaviour of freshwater fish. This knowledge, 
coupled with extraordinary patience, similar to that 
displayed by Neil, made him a highly skilled angler. 
One could be excused for concluding that patience 
and a passion for excellence, features of both boys 
and their father, must have been genetic. 

Among Neil's early passions were collecting 
stamps and coins, many of which had been brought 
home by his father from travels around the world. 
The pride of his collection was a 1930 penny given 
to him by his parents when he passed his Matricula¬ 
tion examination. Neil's boyhood dream was to work 
at the Melbourne Mint. As an ailing child he devel¬ 
oped an unusual pastime of making vast numbers of 
30-centimetre-diameter painted cardboard replicas 
of coins in his collection. These he would spin into 
treetops until they lodged among the branches, and 
would collect them when dislodged by wind, and 
again spin them aloft. 

Neil’s secondary school education at Camberwell 
Grammar School in Canterbury, Melbourne, completed 
in 1969, included several years of studying Chinese; 
this was of enormous help when he embarked subse¬ 


quently on studies of palaeobiogeography of the Asia- 
Australia region. He maintained contact with his old 
school, making regular visits, sometimes as an invited 
speaker. At the University of Melbourne he undertook 
degrees of BA, funded by a Commonwealth University 
Scholarship. MSc and then a PhD. completed in 1983. 
In 1973 he was awarded the C. M. Tattam Scholarship 
in Geology and was awarded a University of Melbourne 
Postgraduate Scholarship (1976-1979) enabling him to 
undertake a PhD on Permian brachiopods. I le was for¬ 
tunate to have had as postgraduate supervisor the late 
George Thomas, a genial, fatherly soul of exceptionally 
broad interests who also had a passion for Carbonifer¬ 
ous and Permian brachiopods, especially of Western 
Australia. Not surprisingly, because of this, Neil's re¬ 
search focused on the spectacular Permian faunas of 
Western Australia, especially the brachiopods, the most 
prominent element in most of those faunas. The pleas¬ 
ure he derived from working with these faunas and the 
associated stratigraphies continued throughout his life, 
and it was from them that his interests spread so fruit¬ 
fully into questions of Late Palaeozoic biogeography 
and intercontinental stratigraphic alignments. 

While doing his postgraduate degrees, Neil was 
employed as a part-time tutor (1973-1980) and then 
full-time tutor (1980-1982) in the Geology Depart¬ 
ment of the University of Melbourne. 1 le also tutored 
for the Council of Adult Education in Melbourne for 
17 years (1973-1989) until full-time employment as 
Lecturer in Earth Sciences at the Rusden campus of 
Victoria College (incorporated into Dcakin Univer¬ 
sity, 1992) finally necessitated relinquishing some of 
the stimulus he derived from teaching mature-age 
students. He nevertheless continued to give talks, 
laced with gentle wit, to amateur groups such as the 
Field Naturalists Club of Victoria, of which lie was a 
member. His last lecture, delivered just before his 
final voyage, to Argentina, was given to the Ring- 
wood Field Naturalists Club. 

For many years (1983-1988) Neil continued his 
association with the University of Melbourne as a 
Research Associate in its School of Earth Sciences 
but his new roles at Dcakin made continued associa¬ 
tion with and frequent travel to his alma mater in¬ 
creasingly difficult. He had taught Higher School 
Certificate evening classes at University High School 
for three years (1977-1980), had temporary employ¬ 
ment as a Scientific Services Officer in the Division 
of Geomechanics with the Commonwealth Scientific 
and Industrial Research Organization in Melbourne 
(1983-1986), and had stints as a contract lecturer in 
the Department of Earth Sciences at Monash Univer- 
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sity (1984-1988), in the Department of Geology at 
the University of Melbourne (1986) and with the De¬ 
partment of Geography and Earth Sciences at the 
Melbourne College of Advanced Education (1988- 
1989). Neil was a charismatic tutor and lecturer, 
loved by all for his kindness and the gentle joie de 
vivre that was characteristic of his lectures; they were 
never obscure or unintelligible. Nevertheless, a truly 
permanent academic position somehow seemed to 
elude him. 

The patchwork of short-term teaching commit¬ 
ments came to an end when he was appointed Senior 
Tutor in Earth Sciences at Victoria College (1989). It 
was the start of a new and even more dynamic era in 
which his diverse talents were given free range; a 
meteoric rise to academic prominence ensued. Within 
a year he was promoted to Lecturer (1990-1992), 
then Senior Lecturer (1993-1995) and finally Pro¬ 
fessor (personal chair) in Earth Sciences (1995-). 
During that period, Victoria College metamorphosed 
into a campus of the rapidly expanding Deakin Uni¬ 
versity (1992). Neil became head of the Earth Sci¬ 
ences discipline at Deakin (1993-2000). 

Though he viewed participation in most university 
committees as akin to trivial pursuits, and occasion¬ 
ally even charades, Neil could never refuse such ap¬ 
pointments where he felt he might be able to facilitate 
even a modicum of laudable results. As he became 
older he became more tolerant of their often appall¬ 
ingly time-consuming characteristics. At the Univer¬ 
sity of Melbourne he was a member of the University 
Council (1978-1979) and a member of its Commit¬ 
tees on Research and Graduate Studies (1978-79), the 
Library (1978), and the Faculties of Arts and Science 
(both in 1979). At Victoria College he was a member 
of the Faculty' of Applied Science Higher Degrees 
Committee (1991-1992) and the Faculty of Applied 
Science Research Committee (1991 1992). At Deakin 
University, Neil served on a dozen or more commit¬ 
tees. This notwithstanding, he continued to pour out 
research papers at an incredible rate. He was a mem¬ 
ber of Deakin s Research Committee (1993-1997), its 
Research Committee’s Higher Degree Regulations 
Working Group (1993), its Faculty of Science and 
Technology Promotions Committee (1993-1994), its 
School of Aquatic Science and Natural Resources 
Management (AS&NRM) Research and Graduate 
Studies Committee (1993-1999). and the AS&NRM 
Board (1994-1999). The list seems endless. At vari¬ 
ous times lie was Acting Chair of the School of 
AS&NRM, and Acting Head of the Graduate School, 
Faculty of Science and Technology. Among numerous 


other committees, he was the Director of Deakins Re¬ 
search Priority Area ‘Global Change’ (2000-2003), 
and for many years (until 2001) Chair of the Faculty 
Research and Development Committee. He was a 
member of Deakins Academic Board and Chair of 
Deakin s Higher Degree by Research Committee (both 
2004 until his death). 

When Neil joined Deakin University, its Earth 
Science discipline was a minor entity focused on un¬ 
dergraduate teaching. He soon developed it into a 
widely recognised teaching and research group with 
numerous linkages to national and overseas institu¬ 
tions. Neil tried to be everything at Deakin; researcher, 
administrator, fund-raiser (principally through the 
Australian Research Council) and evangelist for pal¬ 
aeontology, evolution and biostratigraphy. For a few 
years it seemed that Neil's group at Deakin had the 
potential to develop into Australia’s foremost soft- 
rock department of geology, but then came a phase in 
which departments were reconstituted or amalga¬ 
mated, and vacancies were not filled or, if lost in one 
area, went to other areas. Neil, who had long since 
come to understand the ‘hydraulics’ of the administra¬ 
tive side of the academic system, always remained op¬ 
timistic and rarely complained- -though he would not 
remain passive if he felt principles were at stake, such 
as when there were seismic shifts in the university 
structure and modus opemndi. Such changes notwith¬ 
standing. excellence in teaching and research and the 
well-being of his students remained paramount for 
Neil—right to the end. 

Neil enjoyed challenging students to think criti¬ 
cally; he challenged them to re-evaluate their under¬ 
standing of what constitutes science. To first-year 
students he showed films such as Armageddon, Deep 
Impact, Jurassic Park and Jurassic Park II, requiring 
them to succinctly critique Hollywood's versions of 
science. He w'as enamoured of some of the old classic 
movies, such as II. G. Wells's The Day the Earth 
Stood Still, and would sometimes show part of it dur¬ 
ing end-of-semester activities. When in a light-hearted 
mood, he sometimes quoted lines from these movies. 
Neil was knowledgeable about science fiction and 
sometimes reminisced about old sci-fi books, movies 
and TV shows. He owned and had read all of Jules 
Verne’s books. If someone made a bad choice and 
something particularly unfortunate befell them, he 
would quote a line from Indiana Jones and the Last 
Crusade (1989): ‘He chose... poorly!’ [This was the 
Grail Knight’s response to the horrifying death of Do¬ 
novan after choosing and drinking from the false 
grail], Neil would have loved An Inconvenient Truth, 
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A1 Gore’s passionate and intellectually stimulating 
film about global climatic change, and Basil Gelpkc 
and Ray McCormack’s A Crude Awakening —re¬ 
garded by many as the most important film of the 
decade—on the oil industry, its impact on the econ¬ 
omy and environment, and what scents an inescapably 
grim future for our planet. 

Neil’s excursions were always congenial, punctu¬ 
ated by counter lunches at interesting hotels, interludes 
of sampling products of favourite bakeries, and intense, 
freewheeling, intellectually bracing—one might say 
symbiotic—discussions, occasionally punctuated by 
dry humour, sometimes with a touch of feigned ecclesi¬ 
astical solemnity. There was never a trace of supercili¬ 
ous professorial detachment though, as noted earlier, he 
would energetically defend a viewpoint where funda¬ 
mental issues were at stake. Neil had the capacity to cut 
across the grooves engraved by common experience; he 
could fill even emptiness with penetrating explanations. 
The students therefore tended, understandably, to flock 
around him like seagulls around a tuna boat. I le found 
such interludes to be a tonic. As he said to me on nu¬ 
merous occasions: "I enjoy nothing more than interact¬ 
ing with my students!’ Sadly, such symbiotic episodes 
came to an end much too soon. 

Neil received several awards for teaching excel¬ 
lence. He co-supervised numerous Honours and 
postgraduate students at Dcakin as well as at the 
University of Melbourne. There were no half meas¬ 
ures with his supervision of his research students. 
Zhong Qiang Chen, one of his former co-supervised 
PhD students, has stressed the enormous amount of 
time Neil would devote to polishing their English, 
and then, face to face, go through their text, sentence 
by sentence, to make sure the clearest possible inter¬ 
pretations were being presented. For them he was not 
only a mentor but a role model of scientific and per¬ 
sonal integrity—amusing, discerning, always opti¬ 
mistic, always supportive (he was never one to throw 
rotten tomatoes from the sideline). I le used optimism 
as a technique for handling difficult situations. Neil 
was a reservoir of vast knowledge, a master of the 
sage perspective. 

From 1985 until his death, Neil had received 15 
research grants from the Australian Research Coun¬ 
cil, and for many years was a diligent assessor of 
ARC research grant submissions. Initially his ARC 
grants were concerned with plate tectonic relation¬ 
ships within Australia and between it and its neigh¬ 
bours during Permian times, and with time-control 
on the Permian of the Bowen and Sydney Basins, but 
soon spread to probing patterns of provinciality and 


their implications worldwide with principal foci 
being on India, South-east Asia, the Tibet-Yunnan 
region of China and, eventually, the Late Palaeozoic 
of South America. Some of the grants were solo, 
some, especially on palaeobiogcography, being in as¬ 
sociation with Guang R. Shi, also of Dcakin Univer¬ 
sity. Neil’s research association with Guang proved 
especially fruitful. 

There was a light-hearted, gently mischievous 
side to Neil that even extended to his published re¬ 
search. For instance, in 1993 he took delight in de¬ 
scribing (with the late George Thomas) an enormous 
Permian brachiopod possibly the largest brachiopod 
of all time, and naming it Imperiospira with three spe¬ 
cies, the type species being named Imperiospira 
franzjosefi Archbold & Thomas. It was so-named be¬ 
cause its profile, viewed from above, resembled the 
pompous face of the Emperor of the Austro-Hungar¬ 
ian Empire, Franz-Joseph (1830-1916)—with his 
strikingly luxurious moustache and sideburns. As 
protection against skin cancer, Neil would often wear 
a pith helmet when in the field. He realized, with 
some pleasure, that it made him appear like a bearded, 
long-limbed late nineteenth century British Army of¬ 
ficer on service in the North West Frontier Province 
of undivided India, though without a rifle at his side. 

At the time of his death Neil had produced 205 
scientific papers (94 as sole author; 31 as abstracts), 
but with others still coming through ‘the mill’. Evi¬ 
dence of the case with which he established fruitful 
communication with colleagues globally is indicated 
by the 40 or more significant co-authors from at least 
20 institutions, scattered globally, involved in 87 of 
his publications. From his initial core area of research 
on the taxonomy of Permian brachiopods from West¬ 
ern Australia, he spread into considerations of other 
taxonomic groups (especially bivalves and trilobites), 
palacoecology. palaeobiogcography, palaeoclimatol- 
ogy, oceanic circulation patterns, and global strati¬ 
graphic alignments for the Permian and later, 
Carboniferous systems. His numerous publications in 
these areas, contained many commendable exercises 
in quantitative palaeobiogcography with Guang R. 
Shi. These were based on a monumental, six-part crit¬ 
ical listing of all Permian brachiopod taxa from the 
western Pacific Region, compiled mostly by Guang 
and himself-—though with collaboration from 
Shuzhong Shen for the last two parts—and published 
by the School of Applied Science and Natural Re¬ 
sources Management, Deakin University (1993- 
1997). These compilations were major items within a 
constant stream of taxonomic papers on Late Palaeo- 
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zoic brachiopods from around the world: the North¬ 
ern Territory, Timor, Irian Java, Thailand, China 
(South China, Tibet, Xinjiang and western Yunnan), 
Argentina. India, Russia and Serbia that included a 
series of papers (numbered I to 14, 1980-1997) on 
the taxonomy of Permian brachiopods from Western 
Australia, published in the Proceedings of the Royal 
Society of Victoria. Neil’s taxonomic output included 
documentation of more than 150 new species, nearly 
40 new genera and subgenera, five new subfamilies 
and one new family of brachiopods as well a new spe¬ 
cies of trilobite and one of bivalves. He became the 
most admired Permian worker in the Southern Hemi¬ 
sphere. The brachiopod world has included several 
workaholics whose published output was gargantuan: 
James Hall, G. Arthur Cooper, Vladimir Havlicek and 
a great contemporary. Art Boucot. Neil was very 
much one of the same ilk, producing six, seven or 
more significant publications a year. 

Neil served as a member of various advisory com¬ 
mittees concerned with the School of Mining, Geology 
and Metallurgy of the Ballarat University Collegc/Uni- 
versity (1989-1998) and of the Royal Melbourne Insti¬ 
tute of Technology (1991-1998). Among numerous 
honours was one that gave him great pleasure: his ap¬ 
pointment (from 1994) as Guest Professor at the China 
University of Mining and Technology. 

Neil was prominent in activities of the Interna¬ 
tional Union of Geological Sciences (I UGS), having 
been a titular member of its Subcommission on 
Gondwana Stratigraphy (1986 until his death), a cor¬ 
responding member of is Permian and Carboniferous 
subcommissions (from 1986 and 1992 respectively), 
and a member of its International Commission on 
the History of Geology (INHIGEO—1992 until his 
death). He was co-convenor of the Australian Work¬ 
ing Group on ‘Using Permian mixed biotas as gate¬ 
ways for Permian global correlations’, had been a 
member of the International Geological Correlation 
Program project 203 on ‘Permo-Triassic events of 
the eastern Tethys region and their intercontinental 
correlation' (1985-1988), and had been a member of 
the Working Group on the Carboniferous-Permian 
boundary (1987-1993). 

Neil was a member of many scholarly societies, 
most importantly the Royal Society of Victoria (from 
1973). the Geological Society of Australia (GSA— 
from 1973), the Coal Geology Group of the GSA, 
the Earth Science History Group of the GSA, the As¬ 
sociation of Australasian Palaeontologists (AAP), 
the Paleontological Society, and the Palaeontological 
Associations of Argentina and Spain. He had been a 


committee member (1982) and subsequently treas¬ 
urer (1983-1985) of the Victorian Division of the 
Geological Society of Australia (GSA), chairman of 
the D. E. Thomas Memorial Medal Committee (1985 
until his death), a committee member of AAP (1982- 
83), secretary of AAP (1994-1996), and chairman of 
the Earth Sciences History Group of the GSA (from 
2003). Arguably his most important contribution 
however was his input to the Royal Society of Victo¬ 
ria as honorary librarian for many years, as a mem¬ 
ber of Council (1992-2005), as Vice-President 
(1999-2000) and President (2001-2004). During 
this time Neil was prominent in defence of the Soci¬ 
ety against an initiative that could have reduced its 
traditional scientific focus. That the society’s tradi¬ 
tional broad-scale scientific focus was maintained 
and expanded, and that its pre-eminence among the 
Royal Societies in Australia was enhanced, owes 
much to Neil’s efforts with relentless support from 
the Royal Society of Victoria’s hyperkinetic adminis¬ 
trative officer, Camilla van Megen. 

Neil had something of the mind-set of the pas¬ 
sionate founding fathers of systematic museology— 
Ulisse Aldrovandi (1522-1605), John Tradcscant (c. 
1570-1638), Sir Hans Sloane (1660-1753) and the 
Habsburg Emperor Rudolph II (1552-1612). The 
last, perhaps the greatest art collector of all time, ac¬ 
cumulated legendary collections in Vienna and sub¬ 
sequently in Prague. Each in their own way had set 
out to make sense out of multiplicity and chaos. 
Though the spectrum of Neil’s collecting passions 
was broad, it was more focused than any of the above. 
With comparable wealth and energies, he may have 
rivalled all of them as a collector! Unfortunately, 
substantial portions of the collections Neil be¬ 
queathed to posterity had abbreviated labels—pro¬ 
viding all information necessary for him, but cryptic 
for those burdened with posthumously curating his 
collections. Like many natural historians, myself in¬ 
cluded, he found detailed labelling to be a tiresome 
task, deferring it to another day—which never came, 
l ie had intended, after retirement, to catalogue the 
enormous piles of photocopies and reprints of scien¬ 
tific publications that had accumulated in his office. 
He knew where specific items were located in these 
stratigraphic sequences, but was determined to put 
an end to driving adits in quest of them. 

During the 1980s, when concerned with Permian 
faunas from various localities in Timor. Irian Jaya 
and Papua New Guinea, Neil came across the work 
of Richard Archbold (1907-1976), an heir to early 
fortunes of the Standard Oil Company. Richard, an 
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American who had led and provided most of the 
funding for four major biological-cum-anthropologi- 
cal expeditions (1929-1939) —the first to Madagas¬ 
car and the subsequent three to inland New 
Guinea—became one of Neil’s heroes. The question 
of whether or not Richard was a very distant relative 
of the Australian Archbolds was never resolved. 

Neil derived much pleasure from documenting 
the palaeontology of the marine incursion into the 
Permian glacially-derived sequences of the Bacchus 
Marsh district in Victoria; this incursion had escaped 
more than 150 years of intermittent investigations by 
many workers. Neil was knowledgeable on the Cain- 
ozoic stratigraphy of southeastern Australia, publish¬ 
ing a modicum of work on Cainozoic brachiopods, 
echinoids and marsupials. One of his major achieve¬ 
ments was a pivotal role in publication (1995) during 
the height of the Yugoslav wars of a comprehensive 
volume in Serbian and English on the Carboniferous 
of northwest Serbia by six authors, with himself and 
Smiljana Stojanovic-Kuzenko contributing the large 
and copiously illustrated chapter on brachiopods. 

Neil’s marriage to Linda Botham in 1984 was 
pivotal for his career. She made their home not only 
a base but a haven. Their shared perspectives in¬ 
cluded profound social-consciousness. Her unflag¬ 
ging support enabled him to focus to great effect on 
his increasingly vast spectrum of interests. 

Neil and Linda's garden in Doncaster in eastern 
suburban Melbourne featured plants with a long his¬ 
tory through time (‘living fossils’) including Ginkgo 
biloba (Linnc), Nothofagns cunninghamii (Hooker) 
(myrtle beech) and araucarias, among them a Norfolk 
Island Pine ( Araucaria heterophylla (Salisbury)). 
Among Neil’s other prized living fossils was a King 
Billy Pine (Alhrolaxis selaginoides Don) that he had 
carried as a seedling from Tasmania. In order to at¬ 
tract butterflies, the Archbolds, as Neil and brother 
Jim had done as children, grew an array of stinging 
nettles, milkweed and other plants that dedicated gar¬ 
deners would have swiftly uprooted from their gar¬ 
dens. Because leaf-chewing was viewed as a symptom 
of a healthy garden, the Archbolds avoided using gar¬ 
den chemicals. There were no great swathes of butter¬ 
fly-attracting plants in the Archbold garden: a small 
clump here, one or two plants there, mostly like 
weeds; touches of informality and whimsy. On one 
occasion when I visited their home, easily overlooked 
inhabitants of the Archbold garden included Lesser 
Wanderers around the milkweed (Asclepias fntticosd 
Linnc), Australian Admirals lurking among the sting¬ 
ing nettles (Urtica spp.), Painted Ladies checking out 


everlastings (Helichrysum spp.), a Swallowtail or two 
lured by lemon trees. Imperial Blues and Fiery Jewels 
attracted by Acacia spp. and, inevitably. Cabbage 
White butterflies (Pieris rapae (Linnc)) looking for 
cabbages... They exemplified the elemental and 
meaningful simplicity of the Archbolds’ life-style. 
Neil, as Liz Weldon tells me. even had a special pen¬ 
chant for cream-filled butterfly cakes. 

Neil inherited and greatly enjoyed driving a 1962 
I lumber Vogue car that had been his grandmother’s. 
Reluctantly he had to part with it when upkeep and 
difficulties in obtaining spare parts became too great. 
Neil had a treasury of fine wines; he delighted in in¬ 
troducing guests to his excellent wines as lubricants 
for helping round out discussions. 

Australia has the worst record of mammal extinc¬ 
tions of any of the continents—about 40 species van¬ 
ishing in the last 200 years—and those remaining 
include almost half the endangered mammal species 
of our planet. Earth Sanctuaries Ltd, founded by Dr 
John Wamsley in South Australia in 1985, set about 
purchasing substantial blocks of land, particularly 
with remnant native vegetation, fencing them to keep 
out feral animals and plants, and introducing rare and 
endangered Australian plants and animals. It is not 
surprising that such an initiative, focused on restora¬ 
tion ecology, had immediate appeal for Neil and wife 
Linda. They were early supporters, enthusiastically 
buying shares in the organization to help purchase ad¬ 
ditional blocks of land in various habitats—scattered 
across Australia—to be used as refuges for native 
Australian flora and fauna. For Neil, causing the death 
ofbirds or other animals, large or small, especially for 
sport, was beyond comprehension. 

Inevitably for one so involved with the ecosys¬ 
tems of the deep past, Neil’s intense feeling for the 
floras and faunas of the globe extended to the ocean 
ecosystems now enormously disrupted by human ac¬ 
tivities, especially by industrial-scale overfishing. 

Neil loved the work of Australian artists of the 
19 th century, including the work of the colonial 
women artists, mostly ignored during their lifetime, 
among them Amy Livingstone Stirling, daughter of 
geologist James Stirling. Inevitably, because of his 
ancestral association with the central Victorian gold- 
fields, he was attracted by the watercolours of the 
goldfields and south-eastern Australian cities pro¬ 
duced by S. T. (Samuel Thomas) Gill (1818-1880). 
He loved the remarkable series of watercolours with 
which geologist Charles Joseph La Trobe, Victoria’s 
first lieutenant-governor (1851-1854), illustrated his 
travels. He loved too the works of the naturalist art- 
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ists Ferdinand Bauer and Ludwig Becker, and the 
hundreds of coloured illustrations produced over a 
period of more than 40 years for Sir Frederick Mc¬ 
Coy’s Prodromus of the Zoology of Victoria by the 
insufficiently lauded Arthur Jamieson, and the large 
romantic landscapes of southeastern Australia pro¬ 
duced by Nicholas Chevalier and Eugene von 
Guerard. The landscapes produced subsequently by 
the Australian impressionists—Louis Buvelot, Tom 
Roberts, Arthur Streeton and Frederick McCubbin— 
had an almost spiritual impact on Neil, as did Rich¬ 
ard Daintree’s remarkable mining, landscape and 
geological photography. 

Neil had little time for contemporary art including 
the Andy Warhol style of pop art. but had a deep love 
of paintings and etchings by the great naturalist artists 
who had painstakingly and with extreme accuracy de¬ 
picted flowers, birds, insects, and especially his be¬ 
loved butterflies. He also had a passion for sailing 
ships—so much so that in the late 1970s he commis¬ 
sioned notable watercolourist Dorca Charles Sewell to 
paint, from all available data, the Swedish barque La 
Bella (also referred to as Lobelia) which ran aground 
on a reef about 250 m offshore near the mouth of the 
Hopkins River at Warmambool in southwest Victoria 
on 10 November 1905. There was a family connection 
with Warrnambool. Neil deriv ed a somewhat perverse 
delight in informing people that his great-great grand¬ 
father. Thomas King, arrived in the area as a mounted 
trooper, as opposed to the convict side of society, with 
which so many Australians romantically identify 
themselves. It is therefore understandable that among 
Neil's favourite spots where he seemed to draw stimu¬ 
lation was the ofien-windswept Warrnambool-Port 
Campbell coast where he could tune in to the tides and 
winds and tracks in the sand. He relished days when 
the sunlight burnished the golden cliffs against the 
blue of the sea, or days when punishing storms 
screamed in front the Southern Ocean and pounded 
that magical coast like angry fists. 

Another great-great grandfather but on his moth¬ 
er’s side, John Windmill, owned a bluestone quarry 
in Noble Street, Newtown, a suburb of Geelong, 
from about 1915 until the land was sold in 1956. 
There is now a Windmill Reserve and Windmill 
Street in Newtown where the old quarry used to be. 
Not surprisingly, because of her devotion to him, 
Neil seems to have been closer to his mother than to 
his often-absent father. Until later years, he seems to 
have been more interested in the Windmill family 
and its connection to geology than the Chcwton 
Archbolds and their gold extraction prowess. 


Other inspirational sites conjuring up a deep 
sense of reverence and humility included Canadian 
Bay at Mount Eliza on the Mornington Peninsula 
southeast of Melbourne. It was at Canadian Bay that 
he found a superb specimen of Nautilus pompilius 
Linne that adorned the offices he occupied at Mel¬ 
bourne and at Deakin. 1 low such typically tropical 
southwest Pacific shells could float into Port Philip 
Bay against the well-known oceanic circulation pat¬ 
terns is problematic, but Neil's superb specimen, 
though an extremely rare find at Canadian Bay, is not 
unique. 

Neil relished the music of Stravinsky and the 
grand classics of Wagner and Mahler—whose lavish, 
contrast-rich symphonies lie particularly liked- but 
he also had a soft spot for Prokofiev. Shostakovich 
and Khatchaturian, all of whom had lived under the 
menacing shadow of Stalin's murderous megaloma¬ 
nia. Neil's love of music broadened as he grew older, 
but never extended to electronic and electro-acoustic 
compositions, nor to the psychedelia of jazz, heavy 
metal, reggae, or salsa mmdntico, much less country 
and western. He had no interest in their legendary, 
often short-lived exponents, with overamplified in¬ 
struments and amphetamine-fuelled voices. 

Neil had come from a liberal Presbyterian back¬ 
ground but this connection had waned with time. He 
was a scientist to the core, the immensity of time and 
the vast panorama of organic evolution, from primi¬ 
tive prokaryote to modern man, ecosystems, and ulti¬ 
mately to the biosphere itself, never ceasing to 
fascinate him. The swift revival of doctrinaire crea¬ 
tionism and its latest expression, intelligent-design 
theory—untestable. based on discredited science— 
dismayed him. Neil viewed the creationist risorgi- 
mento as largely the same old stuff: William Paley 
dressed up with more sophisticated feathers. 

Neil was disappointed that the keystone of tradi¬ 
tional teaching, the benign guru-disciple relation¬ 
ship, of which he was a natural exponent, seemed to 
be waning rapidly in proportion to the increase—per¬ 
vading all levels of academia—of a managerial class 
characterised by fewer and fewer scholarly creden¬ 
tials. For him, ambitious martinets-cuin-philistines 
seemed to be gaining the upper hand, far and wide, to 
the potential long-term detriment of Australia. He 
was glad that Deakin University seemed to be lag¬ 
ging behind in that regard though, towards the end, 
he expressed disappointment that Deakin seemed to 
be swiftly catching up with the others, shifting the 
emphasis from educational achievement to financial 
management. I doubt that the higher echelons at 
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Deakin fully appreciated what a remarkable ambas¬ 
sador Neil had been for their university; his formida¬ 
ble publication record and prominence in international 
committees had helped spread the Deakin name 
globally. 

Neil regretted the way the Canberra commissars 
had forced universities to give priority to increas¬ 
ingly exhaustive formal progress reports and to find¬ 
ing clever ways of generating money in preference to 
augmentation of intellectual achievement, lie also 
deplored the way the same largely faceless and anon¬ 
ymous bureaucracy had generated a crescendo of de¬ 
mands for ‘accountability’, focusing increasingly on 
trivia. 

Neil believed that time spent in anger or bitter¬ 
ness was intolerable but, nevertheless, was pro¬ 
foundly disappointed when his research associateship 
of the School of Earth Sciences at the University of 
Melbourne was terminated at the end of 1998 by the 
then head of geology, doubtless responding to a dic¬ 
tate from senior management to reduce the number 
of research associates having formal connections 
with the university. This was particularly disappoint¬ 
ing for one who had given so much to his alma malar. 
Neil was also profoundly disappointed when a pro¬ 
posal that he spear-headed from Australian brachio- 
pod workers for running the 5th International 
Brachiopod Congress (IBC) in Australia was rejected 
at the 4th IBC in London (in 2000) by European col¬ 
leagues who felt that Australia was so far away that it 
should not be considered an appropriate venue for an 
international conference, lie found this bewildering 
and disappointing, especially as no alternative venue 
had been tabled. A similar bid, again spearheaded by 
Neil, to run the 6 lh IBC in Australia in 2010, met with 
approval from sufficient delegates to the 5th IBC 
meeting in Copenhagen. Deakin University will be 
the principal sponsor for the 2010 meeting. 

Neil, the historian-idealist, was amazed by the 
long and hideous history of colonialism, its savagery, 
megalomania, and terrible sagas of rule by coercion. 
He was appalled by the forces of chaos and brutality 
that continue to overtake the lives of individuals and 
nations, as had occurred in India during partition and 
in recent years in Rwanda, Afghanistan, Chechnya 
and the former Yugoslavia. I le was dumbfounded by 
the ideological extremism, rampant greed and peril¬ 
ous short-sightedness of the contemporary western 
world and by the epidemic of loneliness that has 
spread through present-day society. He was aston¬ 
ished by political extremism born out of foreign oc¬ 
cupation, and the more recent saga of the absurd: 


warrior intellectuals hunting desperately beneath 
Iraqi prayer rugs for post hoc justification of a frivo¬ 
lous war. Given his own saga, it is understandable 
that Neil was never one to buy into doom scenarios; 
there were always grounds for hope. He took heart 
that Jews, Muslims and Christians had lived harmo¬ 
niously in Moorish Spain for hundreds of years until 
society was torn apart by the Spanish Inquisition and 
its associated ethnic cleansing. Likewise in Norman 
Sicily and in Sarajevo (before the Bosnian War, 
1992-1995) it had been possible for profoundly dif¬ 
fering cultures and religions to live together for a 
long time in comparative harmony. He believed pas¬ 
sionately in the power of human rights to eventually 
bring our riven and oppressed world together. 

He had little time for freelance racists and funda¬ 
mentalist bullies of all persuasions. He believed there 
was no need for religion and science to be in conflict, 
to be invariable antagonists. He was convinced that 
the loud, irrational, fundamentalist voices, with their 
potential for engendering violence—and presently 
demanding a choice be made—are not representative 
of the mainstream Judaeo-Christian-Muslim reli¬ 
gious communities, nor for that matter of any other 
sizeable religious group. Neil was tolerant of the en¬ 
tire spectrum of religious persuasions, extreme fun¬ 
damentalists excepted. 

Was Neil ever stung by an intellectually dishonest 
colleague? Yes, twice by the notorious charlatan. Pro¬ 
fessor Visltwa Jit Gupta, but he was in good company 
that included some of the most renowned palaeontol¬ 
ogists of the 1960s to 1980s. Because a major part of 
Guptas publications concerned Permian ‘discover¬ 
ies’, and because Neil’s research was concerned 
mainly with things Permian, he kept stumbling across 
Gupta's trail. Neil, however, was not as badly stung as 
many of the 128 co-authors in Gupta’s monstrous 
458-publication enterprise. Neil’s co-authorship with 
Gupta involved two review articles, neither of them 
being concerned with formal taxonomy or, in fact, 
anything from the bits and pieces in Gupta’s near-ran¬ 
dom agglomeration of fossils—algae to invertebrates 
and primates—that had been looted from the Panjab 
University collections or had been bought, stolen or 
obtained as gifts from 25 or more non-Indian coun¬ 
tries around the globe and endowed with spurious ‘lo¬ 
calities’, mostly in the High Himalaya of India. 

Most of Gupta’s Permian brachiopods were in¬ 
deed from India, but who can be sure of their origins. 
Neil had met Gupta, oozing insincerity, at interna¬ 
tional meetings. On each occasion Gupta would pro¬ 
pose joint taxonomic research on Indian Permian 
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brachiopods, but no material from Gupta ever landed 
on Neil’s desk. Neil was immensely relieved by 
Gupta’s ‘failure to deliver’, and would state this 
whenever Guptas name came up in conversation. 
Gupta’s legacy was a blizzard of bogus locality infor¬ 
mation, an abundance of synonyms, and numerous 
species and genera inquirendae. What to do with this 
vast edifice consisting mostly of junk? Treat it as 
though never published, or deal with it piecemeal, re¬ 
ferring the species and genera to appropriate synony¬ 
mies wherever necessary? This in fact is what Neil 
had been quietly doing. 

Over a 25-year period, Gupta, obsequious at in¬ 
ternational meetings, lupine in India, mercilessly 
manipulated an ever-expanding cohort of innocent 
co-authors in pursuit of ever-more noxious ends. 
Some of Gupta’s 128 co-authors were furious and re¬ 
mained so, especially those stung on numerous occa¬ 
sions. Several of Gupta’s co-authors, however, 
considered being stung by him to be a joke; Neil was 
among them. 

Neil had a passion for history, global as well as 
Australian, and could discourse profoundly on seem¬ 
ingly unrelated topics ranging from the history of the 
Austro-Hungarian Empire, the Soviet Union, and the 
Australian gold-rush era—and the architectural arte¬ 
facts of the last of these. With such interests it was 
fitting that he would become a Life Member of the 
National Trust of Australia (Victoria). He had a pas¬ 
sion for old books and antique maps, especially an¬ 
cient scientific monographs, not just tomes connected 
with his research, but icons of publishing elegance— 
the larger the tome, especially if they were like tomb¬ 
stones, the more lovingly he handled them. Neil had 
an aversion to the published word being turned back 
into pulp- apart from newspapers, dumbed-dow'n 
journalism, and breathless discoveries of the obvi¬ 
ous. His immense professional library, including a 
vast number of reprints and photocopies, was gifted 
to the Royal Society of Victoria. The Society agreed 
to it being housed under lock-and-key as a special 
collection in the Deakin University library, where it 
now resides. In this way it has been preserved from 
the now spreading mania for robotic libraries stifling 
all possibility of browsing, for shredding duplicates, 
and even for consigning rarely used books to the tip. 

Throughout his career Neil had probed the early 
history of the earth sciences in Australia, publishing 
papers on the debate over the age of the black coals, 
the history of vertebrate palaeontology in Australia, 
the 1874 and 2004 transits of Venus, and on Sir Fred¬ 
erick McCoy, J. E. Tennison Woods, Joseph Jukes and 


the remarkable brachiopod worker, Georgiy Nikolae¬ 
vich Frcderiks, a gentle apolitical palaeontologist- 
stratigraphcr-tcctonicist executed during the Great 
Terror in Stalinist Russia early in 1938. Neil’s research 
in the history of the earth sciences became enriched 
during his later years front association with Doug 
McCann. Neil had planned, with Doug, to generate an 
account of the emergence of the theory of continental 
drift and its transmutation into plate tectonic theory. 
As Doug has reminded me, Neil particularly revelled 
in his investigations into the ‘coal debate’, discover¬ 
ing that the history, as presented until now, had. curi¬ 
ously, been completely biased—skewed well away 
from what was the true story. Neil sought better un¬ 
derstanding of why various events in the history of the 
earth sciences in Australia had been pitched in partic¬ 
ular ways, and how their depiction had been coloured 
by underlying human motivations. 

Neil was thoroughly steeped in the history of the 
state geological surveys of Australia during the 
1800s, especially those of Western Australia and Vic¬ 
toria and, early in his career, had published on the 
history of the former. The geologists of Alfred 
Selwyn’s Geological Survey ofVictoria (1852-1868) 
and subsequent Victorian geological survey groups 
during the later 1800s were Neil’s heroes. Of particu¬ 
lar interest was James Stirling (1852-1909), a nota¬ 
bly benign person, a self-taught geologist, botanist, 
and elegant draftsman who, inter alia, published sig¬ 
nificant accounts of the alpine flora ofVictoria. He 
had been, briefly, a monumental mason, an architec¬ 
tural draftsman and, subsequently, the Lands Depart¬ 
ment surveyor at Omeo. Neil believed that Stirling, 
who became Government Geologist (1897-1900) 
under Alfred W. Howitt. Secretary for Mines, had 
been undervalued, especially for his pivotal role in 
the quest for black coals in the south Gippsland Early 
Cretaceous rock sequences (at that time believed to 
be Jurassic), and for pioneer investigations of the La- 
trobe Valley brown coals. Neil, a kindred spirit of the 
genial James rather than the remarkable but crusty 
Alfred, had hoped that he and Doug McCann might 
produce something substantial—liberally illustrated 
by examples of Stirling’s elegant drafting- to help 
‘set the record straight’. Doug has informed me that 
Neil would have loved also to have helped rehabili¬ 
tate other neglected, maligned and misunderstood 
Victorian geologists and palaeontologists, among 
them J. W. Gregory and Sir Frederick McCoy. He 
wanted to devote more time to what lie once called 
an archaeology of Australia’s—and especially Victo¬ 
ria’s—earth sciences, bringing its past practitioners 
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back to life in their context, reclaiming the truth. He 
was insistent that the past should not be allowed to 
recede into irrelevance. 

Neil was a member of the Olive Club, a light¬ 
hearted intellectual group of scientists, judges, archi¬ 
tects, librarians and engineers which has three-monthly 
meetings over dinner to discuss matters of general in¬ 
terest, some of moment, some inconsequential. He 
was also a member of the Skeptics, the Field Natural¬ 
ists Club of Victoria, a literary coterie known as the 
Boobooks Club, and the venerable Wallaby Club 
(founded 1894), an organisation conducting day walks 
and, like the Olive Chib, focused on serious but lively 
discussion. 

Despite frail health, Neil travelled overseas to 
participate in conferences in Argentina, Canada, Den¬ 
mark, England, New Zealand, the Netherlands, Oman, 
South Africa and the former USSR (Tartaria). All of 
these places had their own appealing aural and visual 
palette; all of them delighted him. In Kazan' in Tataria, 
he was delighted to find the biography of G. N. Fred- 
eriks that he, Viktor Machlin and I published in 1995 
displayed prominently in an exhibition at Frederiks’s 
alma mater , the University of Kazan’. Frederiks was 
executed with other noteworthy earth scientists by 
order of Stalin on 18 February 1938. In czarist times 
the University of Kazan' had been one of the elite Im¬ 
perial Universities. Such institutions had regal chairs 
reserved for the Czar and Czarina. In a brief but droll 
interlude in 1998, Neil occupied the Czar’s chair at 
the University of Kazan’. 

In 1998 the University of Kazan’ mounted a 
memorable meeting of the Subcommission on Per¬ 
mian Stratigraphy. The entire meeting took place by 
boat. The participants, committed to geniality, pre¬ 
sented papers on the back deck, and gourmandized 
their way—sturgeon, caviar and marvellous fruit that 
was not only delicious but eminently photogenic— 
down the Volga from Kazan’ to historic Permian lo¬ 
calities including ones at the centre of Frederiks’s 
earlier works. Among them was Simbirsk (later 
Ul’yanovsk, now Simbirsk again), former home of 
the Ul’yanovs, a polite middle-class family with a 
high sense of social responsibility u'hose six children 
included Aleksandr, a brilliant zoology student, and 
Vladimir (later to become V. I. Lenin). Aleksandr, 
among 15 confederates, nearly all students, accused 
of plotting to assassinate the Czar, refused to recant 
his reformist beliefs and was callously hung at age 
21 with four other conspirators by a government 
committed to meeting terrorism and savagery with 
even greater barbarism. His execution on 5 May 
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1887 transformed the surviving children and espe¬ 
cially Vladimir into committed revolutionaries. Neil 
was disappointed that presentation of the Ul’yanov 
home in 1998, though interesting, had yet to rise 
above Soviet-era politics and mythology. 

After the Kazan’ meeting, Neil and Clinton Fos¬ 
ter travelled by overnight train to Moscow where, to 
their amusement, cephalopod W'orker Tat’yana Le¬ 
onova had arranged accommodation for them in a 
leafy oasis, the Retirement Home for Distinguished 
Academicians. There they had the pleasure of con¬ 
versing with several venerable scientists—survivors 
from pre-revolutionary times—in what is best re¬ 
ferred to linguistically as Russlish. The shine went 
off this felicitous encounter when they had to leave at 
4.20 a.m. for a surrealistic race at 135 km/hour or 
more to Moscow'’s Shcrcmyetova Airport.... 

In late 1997 (30 Novcmber-3 December) Neil 
was joint-organiser of the Strzelccki International 
Symposium on ‘The Permian of Eastern Tethys’ in 
Melbourne, and was one of the three editors of the 
large volume derived from that meeting and published 
a year later by his beloved Royal Society of Victoria. 

Neil was looking forward to early retirement at 
the end of 2005 to a life with fewer deadlines, fewer 
life-and-death appointments, and less forward-plan¬ 
ning, but his life was leaching away. His published 
research output plateaued in the mid-1990s, extend¬ 
ing through to about 2004 when he became percep¬ 
tively more frail and the proportion of jointly 
authored publications increased. Colleagues on the 
Gotland excursion connected with the 5 ,h Interna¬ 
tional Brachiopod Congress (4-8 July 2005) noted 
how Neil, cheerful as ever—with the same twinkle in 
his eye and hand lens at the ready, had become more 
wraithlike in appearance. He was unable to walk far 
without stopping to regain breath, steering his way 
gingerly into the wind, dispensing snippets of wind¬ 
blown conversation, tending to move along the occa¬ 
sional stone walls for stability. 

Neil still had a large palette of other interesting 
and ambitious research to be done. What dreams were 
never realised? One of his dreams was to document 
the mysterious collection of eastern Australian Per¬ 
mian brachiopods in the Ecole des Mines in Paris, re¬ 
discovered by his guru, the late George Thomas, while 
on his last sabbatical leave. Though George suspected 
it may have been collected from somewhere along the 
south coast of New South Wales (?near Ulladulla) by 
one of the early 1800s French expeditions going to or 
from Port Jackson, it is perhaps more likely to have 
been collected from Maria Island off south-eastern 
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Tasmania, precisely mapped by Nicolas Baudin’s ex¬ 
pedition in 1802. From pure curiosity, Neil would 
love to have combined such an enquiry with a visit to 
the fabulous Laboratoire d’Entomologic in rue Buf- 
fon in Paris with its collection of 50 million insects 
carefully built up over more than 200 years. Neil's 
love of Lepidoptera persisted to the end. 

In later years Neil travelled to Argentina three 
times and established very warm research and per¬ 
sonal linkages with colleagues in Argentina, four of 
whom visited Australia and became firm family 
friends: Tristan Simanauskas, Gabriela Cisterna, Ar¬ 
turo Taboada and Alejandra Pagani. Neil was much 
attracted by Argentina, a land of religion, culture and 
strong family tics, with a tumultuous history, chame- 
leon-like politics, and a determination to make a new 
future after the military dictatorship of the 1970s. 
Neil fell ill following participation in Gondwana 12, 
the Twelfth International Gondwana Congress (6 11 
November 2005) in Mendoza, Argentina, at which he 
made a conference presentation. Three of his Argen¬ 
tinian colleagues rushed long-distances to Mendoza 
to help in every possible way but, on 28 November, 
after two weeks in hospital at the Clinica de Cuyo in 
Mendoza, he passed away with wife Linda at his 
bedside. A large community of friends -about 300 
of them—participated in a memorial service at 
Wantima, an outer suburb of Melbourne, on 14 De¬ 
cember 2005. Fittingly, it took place beneath a vast 
panoramic photo of Neil in a quarry, intensively 
scrutinizing—one might say almost interrogating— 
large angular blocks of his beloved Permian rocks. 

It was appropriate that Neil’s ashes should be 
scattered in Chewton, locus of so much Archbold 
history. Among the numerous historic features in and 
near Chewton is the immense Garfield waterwheel 
about a kilometre north of the town, reputedly the 
largest waterwheel in the Southern Hemisphere. It 
was there that Neil’s ashes were scattered by his 
brother Jim. 

The connecting thread through Neil’s odyssey 
had been pragmatism, a journey that nevertheless 
found beauty in virtually every corner. Fie was sad¬ 
dened by the consumer culture gone wild—rich in 
goods but poor in everything that gives breadth and 
depth to a community—and our increasingly free- 
floating and ever more dangerous and hallucinatory 
world. He was never taken in by the cult of the new, 
by the consumerist, instant-gratification culture that 
dominates most of us today. 

Neil was inspirational because he was a people- 
person, always concerned with the people-side of 


things. He was a patient listener. He would discourse 
equally kindly with anyone: shy or confrontational, 
couth or uncouth, brilliant or belligerently dumb, as 
well as the genial slacker, the ambitious twit, and that 
fortunately rare breed, the insolent impostor. The last 
of these—he had met a few, including the infamous V. 
J. Gupta—amazed him. He viewed the psychodelia of 
student activism with good humour, bemused that the 
leaders in such activities came and went like vinegar 
flies: today radical, tomorrow conservative. Neil was 
supremely intelligent and unfailingly honest. He had 
a constitutional resistance to self-promotion. Neil had 
a genuine social conscience, a humanism that looked 
kindly on even the hardest face. 

Neil was certainly one of the most talented and 
admired earth scientists in Australia. He was tena¬ 
cious and meticulous, a tireless and profound person 
who never lost sight of the magic of the world around 
him, and courageously evaluated and took on board 
new data and new theories. His curiosity drove him 
to diversify. He loved innovation but, in this age of 
overamplification, he was wary of fashion. His devo¬ 
tion to his science and his willingness to share his 
knowledge and expertise and tirelessness in doing 
so—set him apart. His vast knowledge of so many 
things, his unfailing eye for detail and his accessibil¬ 
ity- his door was always open to all—endeared him 
to an enormous number of people, amateur and pro¬ 
fessional. He had become one of the most admired 
workers on Late Palaeozoic brachiopods and stratig¬ 
raphy globally. 

Though unflaggingly self-critical and self-effac¬ 
ing, Neil had a consuming desire to produce and pro¬ 
duce. As a scientist there was a momentum to him; 
he seemed unstoppable. He drove himself unspar¬ 
ingly. He was sharply intelligent but had a decep¬ 
tively casual style, balancing intellect and humour. 
He revelled in the musicality of words; lie revelled in 
being alive. Neil's physical frailty and bouts of ill¬ 
ness had made him more tolerant than most of us, 
more compassionate. In this he paralleled another 
great brachiopod worker, a long-time friend of mine, 
the late J. G. (‘Jess’) Johnson of the State University 
of Oregon, Corvallis. Jess produced voluminously 
and perceptively throughout his professional career 
attached, obligatorily, to artificial diaphragms. Such 
people are role models for all of us, even the physi¬ 
cally able-bodied. 

Neil’s all-too-brief career has thus been a lesson 
on the capacity of an individual, despite astonishing 
adversity, to quietly bring about change, and to do so 
with unwavering care and conviction. He was an af- 
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firming flame in an increasingly toxic world, and in 
an age of increasing global apprehension. His was a 
unique career characterised by understated dignity, 
stubborn optimism and kindness. As a benign guru he 
expected nothing in return for what he gave. 11 is jour¬ 
ney had been a lifelong search for enlightenment— 
among fossils, butterflies, lecturing, collecting and 
bibliophilia—in which he attempted to make sense of 
multiplicity and chaos throughout geologic and his¬ 
toric time. He once said to me that he regarded him¬ 
self as being akin to a pearl diver descending into the 
depths of the past, endeavouring to transform what he 
found there into something beyond time. 

Neil’s ingrained empathy for the human condi¬ 
tion and his profound sense of social responsibility 
seemed to become more resilient as time went on. 
Those who knew him were always amazed by his 


buoyancy, despite his manifest frailty. There were 
surely moments of despair, especially when chroni¬ 
cally exhausted. If so, he kept these to himself. Neil 
was unique—inimitable, irreplaceable. 
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THE taxonomic importance of the sadly short career of 
the late Prof. Neil Archbold is illustrated by both the vol¬ 
ume of new taxa he described and the systematic breadth 
of the organisms he considered. He was a meticulous 
worker, blessed with a unique memory and extensive 
knowledge of scientific literature that is invaluable to a 
palaeontologist. He was deeply interested in the history 
of geological and palaeontological studies, and took 
great pleasure in unearthing obscure references, ensur¬ 
ing this work was not forgotten. This paper presents a list 
of all the new taxa (Tables 1-7) and recombinations 
published by Prof. Archbold over his career. Also in¬ 
cluded is a list of taxa named in honour of Prof. Arch¬ 
bold, several of which had already been published before 
he passed, a lasting testament to the high regard in which 
he was held by his fellow palaeontologists. This list is by 
no means exhaustive and I welcome any additions to it. 

Most of Prof. Archbold’s work was conducted on 
material from museums and geological surveys, as his 
troublesome health often made extensive fieldwork dif¬ 
ficult. I lis early focus concerned the Permian Brachiop- 
oda of Western Australia, and he produced a series of 
papers through his career entitled “Studies on Western 
Australian Permian bmchiopods'' (Archbold 1980b, 
1981c, 1983c, 1984b, 1985b, 1986c, 1987b, 1988g, 
1990c, 1991b, 1993b. 1995a, 1996c, 1997e). Other early 
work also included the Permian bmchiopods of Irian 
Jaya and Timor (Archbold 1982c, 1982d, 1982e, 1991a; 
Archbold & Barkham 1989; Archbold & Bird 1989). 

Prof. Archbold s interests extended to the Permian 
of the Himalaya (Archbold & Gaetani 1993), Tibet 
(e.g. Shen et al. 2000; 2001 b) and other areas of China 
(Chen & Archbold 2000; Shen & Archbold 2002; Shi 
et al. 1996). More recently, he had been working ex¬ 

Tabie I. 


tensively with Argentinian colleagues on the Late 
Carboniferous and Early Permian brachiopods of Ar¬ 
gentina (e.g. Cisterna & Archbold 2007; Cisterna et 
al. 2002; Simanauskas & Archbold 2002). 

Neil Archbold described one new brachiopod 
family, five subfamilies, 35 new genera, eight sub¬ 
genera and 156 new species of brachiopod. He also 
redescribcd a further 44 species to create new combi¬ 
nations. His efforts were not restricted to the Brachi- 
opoda, as he has also described a new trilobite species 
from a new genus in Irian Jaya (Archbold 1982c, 
1997a), in addition to a new bivalve species, Psett- 
domonotis (Trematiconcha) carnavonensis Archbold 
& Skwarko, 1988, from Western Australia. 

His contribution to the intricacies of the higher 
classification of the Brachiopoda resulted in the cre¬ 
ation of five new subfamilies: the Caenanopliinae 
Archbold, 1980b, Quinquenellinae Archbold, 198Id 
and Svalbardiinae Archbold 1982a within the Cho- 
nctoidca Bronn, 1862, the Mingcnewiinac Archbold, 
1980a within the Strophalosioidca Schuchert, 1913 , 
and the subfamily Notospiriferinac Archbold & Tho¬ 
mas, 1986c. The Notospiriferinac Archbold & Tho¬ 
mas, 1986c was raised to familial rank by Waterhouse 
(1998). However, this was not recognised by Carter 
& Gourvcnnec (2006) in the newly revised Treatise. 
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Family 

Notospiriferidae Archbold & Thomas, 1986c 
[nom. trans. Waterhouse, 1998 ex 
Notospiriferinac Archbold & Thomas, 1986c] 


Brachiopod subfamilies established by Neil W. Archbold. 


Subfamilies (5) 

Reference 

Name genus 

Caenanopliinae 

Archbold, 1980b 

Caenanoplia Carter, 1968 

Mingenewiinae 

Archbold 1980a 

Mingenewia Archbold, 1980a 

Notospiriferinac 

Archbold & Thomas, 1986c 

Notospirifer, Harrington, 1955 

Quinquenellinae 

Archbold 198 Id 

Quinquenella Waterhouse, 1975 

Svalbardiinae 

Archbold 1982a 

Svaibardia Barkhatova, 1970 
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Table 2. Brachiopod genera established by Neil W. Archbold. 


Genera (35) 

Reference 

Type species 

Argentniella 

Archbold, Cisterna & Stcrren, 2005 

Argentiella stappenbecki Archbold Cisterna & Sterren, 

2005 

Aurilinoproductus 

Shen, Shi & Archbold, 2003a 

Aurilinoproductus alatus Shen, Shi & Archbold, 2003a 

Balikunochonetes 

Chen & Archbold, 2002 

Balikunochonetes liaoi Chen & Archbold, 2002 

Callytharrella 

Archbold, 1985b 

Dictyodostus callytharrensis Prendergast, 1943 

Carilya 

Archbold, 2001 

Taenlothaerus miniliensis Coleman, 1957 

Cimmeriella 

Archbold & Hogcboom, 2000 

Prodttctus tenuistriatus de Vemeuil va r. foundi litheridge, 1903 

Coolkilella 

Archbold. 1993b 

Cancrinella coolkilyaensis Archbold 1983c 

Costatispirifer 

Archbold & Thomas, 1985a 

Costatispirifer gracilis Archbold & Thomas, 1985a 

Crassispirifer 

Archbold & Thomas, 1985a 

Spirifer rostalinus Hosking, 1931 

Cratispirifer 

Archbold & Thomas, 1985a 

Cratispirifer nuraensis Archbold & Thomas, 1985a 

Cundaria 

Archbold, 1996c 

Cundaria aquilaformis Archbold 1996c 

Etherilosia 

Archbold, 1993b fnom. trans. 
Archbold 1995a ex Heleralosia 
(Etherilosia) Archbold, 1993b] 

Strophatosia etheridgei Prendergast, 1943 

Gatia 

Archbold, 1993b 

Gatia suberba Archbold 1993b 

Gruntea 

Shi. Shen & Archbold, 1999 

Posicomta grunti Shi & Shen, 1997 

Guadalupelosia 

Archbold & Simanauskas, 2001 

Strophatosia inexpectans Cooper & Grant, 1975a,b 

Imperiospira 

Archbold & Thomas, 1993 

Imperiospira fransjosefi Archbold & Thomas, 1993 

Jinomarginifera 

Shen, Shi & Archbold, 2003b 

Jinomarginifera lhazeensis Shen, Shi & Archbold, 2003b 

Latespirifer 

Archbold & Thomas, 1985a 

Latespirifer callytharrensis Archbold & Thomas, 1985a 

Liveringia 

Archbold. 1987b 

Liveringia magnifica Archbold 1987b 

Lyonia 

Archbold, 1983c 

Linoproductus cancriniformis var. /vow' Prendergast, 1943 

Mingenewia 

Archbold, 1980a 

Mingenewia anomala Archbold 1980a 

Nakimusiella 

Shen, Archbold, Shi & Chen, 2001b 

Nakimusiella selongensis Shen, Archbold Shi & Chen, 2001b 

Neopsilocamara 

Shen, Archbold. Shi & Chen, 2000b 

Neopsilocamara laevis Shen, Archbold Shi & Chen, 2000b 

Notoiosia 

Archbold, 1986c [nom. trans. ex 
Echinalosia (Notoiosia) Archbold, 
1986c] 

N. dickinsi Archbold, 1986c 

Occidalia 

Archbold, 1997e 

Occidalia shahi Archbold 1997e 

Pericospira 

Archbold & Cisterna, in Cisterna & 
Archbold, 2007 

Spirifer (Spirifer) pericoensis Leanza, 1945 

Saltospirifer 

Cisterna & Archbold, 2007 

Saltospirifer guevarii Cisterna & Archbold, 2007 

Santanghuia 

Chen & Archbold, 2002 

Santanghuia santanghuensis Chen & Archbold, 2002 

Syrellu 

Archbold, 1996c 

Syrellu occidcnta Archbold 1996c 

Tethyochoneles 

Chen, Shi. Shen & Archbold, 2000 

Waagenites soochowensis quadrant Zhan, 1979 

Tivertonia 

Archbold. 1983c 

Lissochonetes yarrolensis Maxwell, 1964 

Tupelosia 

Archbold & Simanauskas, 2001 

Tupelosia pagan'oensis Archbold & Simanauskas, 2001 

Waterhousielta 

Archbold 1983c 

Waagenites speciosus Waterhouse & Piyasin, 1970 

Woolagia 

Archbold 1997e 

Woolagia playfordi Archbold, 1997e 

Wooramella 

Archbold (in Hogeboom & Archbold 
1999) 

Pustula senticosta Hosking, 1933 
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Table 3 . Brachiopod subgenera established by Neil W. Archbold. 


Subgenera (8) Reference Type species 

Echinalosia (Notolosia) Archbold, 1986c [later transferred to N. dickinsi Archbold, 1986c 

generic rank] 

Heteralosia (Etherilosia) Archbold, 1993b [later transferred to Slrophalosia elheridgei Prendergast, 1943 

generic rank by Archbold 1995a] 

Neochonetes (Huangichonetes) Shen & Archbold, 2002 Chonetes substmphomenoides Huang, 

1932 

Neochonetes (Nongtaia) Archbold, 1999a Neochonetes (Nongtaia) taoni Archbold, 

1999a 

Neochonetes (Sommerielta) Archbold, 1982f [ex Neochonetes Chonetes pratti Davidson, 1859 

(Sommeria) Archbold, 1981 e] 

Neochonetes (Zechiella) Archbold, 1999a Chonetes davidsoni von Schauroth, 1856 

Neochonetes (Zhongvingia ) Shen & Archbold, 2002 Neochonetes zhongyingensis Liao, 1980 

Neospirifer (Quadrospira) Archbold, 1997e Neospirifer plicatus Archbold & Thomas, 

1986a 

Table 4. Brachiopod species established by Neil W. Archbold. 

Species (156) Reference Location 

Argentiella stappenbecki Archbold, Cisterna & Sterren, 2005 Argentina 

Aulosteges tenuispinosus Archbold. 1991a Irian Jaya 

AUrilinoproductus alatiis Shen, Shi & Archbold, 2003a Tibet 

Balikunochonetes liaoi Chen & Archbold, 2002 Xinjiang, northwest 

China 

?Bullarina striata Shen, Archbold, Shi & Chen, 2001b Tibet 

Callytharrellu khalii Archbold & Barkham, 1989 Timor 

Cancrinella coolkilyaensis Archbold I983e Western Australia 

Cancrinella irwinensis Archbold, I983e Western Australia 

Cartorhium imperfection Archbold, 1993b Western Australia 

Chonetinella aidunaensis Archbold, 1991a Irian Jaya 

Chonetinella ainimi Archbold, 1982d Irian Jaya 

Cleiothyridina perthensis Archbold, 1997e Western Australia 

Comuquia australis Archbold, 1984b Western Australia 

Coolkilella maitlandi Archbold, 1996c Western Australia 

Coronalosia argentinensis Archbold & Simanauskas, 2001 Argentina 

Costatispirifer gracilis Archbold & Thomas, 1985a Western Australia 

Costatumulus occidentals Archbold, 1993b Western Australia 

Costatumuhis sahnii Singh & Archbold, 1993 eastern Himalaya 

Costatumulus shengmiensis Shen, Archbold & Shi, 2001a Tibet 

Costatumulus tazawai Shen, Archbold, Shi & Chen, 2000a Tibet 

Costiferina thomasi Archbold, 1985b Western Australia 

Craniscus tasmaniensis Archbold, 1991c Tertiary of Tasmania 

Crassispirifer condoni Archbold & Shi, 1993 Western Australia 

Crassispirifer mingenewensis Archbold, 1996c Western Australia 

Crassispirifer pinguis Archbold & Thomas, 1985a Western Australia 

Cratispirifer nuraensis Archbold & Thomas, 1985a Western Australia 
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Table 4 (continued). Brachiopod species established by Neil W. Archbold. 


Species (156) 

Reference 

Location 

Cundaria aquilaformis 

Archbold, 1996c 

Western Australia 

Cyrtella koopi 

Archbold 1990c 

Western Australia 

Demonedys grant! 

Archbold 1980b 

Western Australia 

Dyschrestia colemani 

Archbold 1984b 

Western Australia 

Echinalosia denisoni 

Archbold 1987b 

Western Australia 

Echinalosia simpsoni 

Archbold 1996c 

Western Australia 

Eliva timorensis 

Archbold & Bird 1989 

Timor 

Etivina bisnaini 

Archbold & Barkham, 1989 

Timor 

Elivina hoskingae 

Archbold & Thomas. 1985b 

Western Australia 

Elivina yunnanensis 

Shi. Fang & Archbold 1996a 

western Yunnan 

Etherilosia calytrixi 

Archbold, 1995a 

Western Australia 

Etherilosia carglynae 

Archbold 1995a 

Western Australia 

Etherilosia convexa 

Shcn, Shi & Archbold 2003a 

Tibet 

Fusispirifer camavonensis 

Archbold & Thomas, 1987 

Western Australia 

Fusispirifer coolkiiyaensis 

Archbold & Sksvarko, 1 988 

Western Australia 

Fusispirifer cundlegoensis 

Archbold & Thomas. 1987 

Western Australia 

Fusispirifer kennediensis 

Archbold & Thomas, 1987 

Western Australia 

Fusispirifer legrandblainae 

Archbold & Thomas, 1987 

Afghanistan 

Fusispirifer quinnciniensis 

Archbold & Thomas, 1987 

Western Australia 

Fusispirifer wandageensis 

Archbold & Thomas, 1987 

Western Australia 

Gatia suberba 

Archbold 1993b 

Western Australia 

Globiella yoawangensis 

Shi, Fang & Archbold. 1996a [referred to 
Cimmerietia foordi (Etheridge) by Archbold & 
Ilogeboom, 2000] 

western Yunnan 

Hoskingia qomolangmaensis 

Shcn. Shi & Archbold 2003a 

Tibet 

Hoskingia skuarkoi 

Archbold 1997c 

Western Australia 

Imperiospira campbelii 

Archbold & Thomas, 1993 

Western Australia 

Imperiospira dickinsi 

Archbold & Thomas, 1993 

Western Australia 

Imperiospira fransjbsefi 

Archbold & Thomas, 1993 

Western Australia 

Jakutoproductus australis 

Simanauskas & Archbold, 2002 

Argentina 

Jinomarginifera lhazeensis 

Shcn, Shi & Archbold 2003b 

Tibet 

Kitakamithyris kartagensis 

Chen & Archbold 2000 

Xinjiang, northwest 
China 

Krotavia in/lata 

Shcn, Archbold Shi & Chen, 2000b 

Tibet 

LatespiriJ'er amplissimus 

Archbold & Thomas, 1985a 

Western Australia 

Latespirifer callylharrensis 

Archbold & Thomas, 1985a 

Western Australia 

?Lethamia obscurus 

Archbold 1984b 

Western Australia 

Lingula occidentalis 

Archbold 1981b 

Western Australia 

Linapmductus pigrami 

Archbold 1982d 

Irian Jaya 

Liveringia magnifica 

Archbold 1987b 

Western Australia 

Magnipiicatina gigantea 

Shen, Shi & Archbold 2003a 

Tibet 

Megasteges geniculatus 

Shcn, Shi & Archbold 2003a 

Tibet 

Mingenewia anomaia 

Archbold 1980a 

Western Australia 

Nakimusiella selongensis 

Shen, Archbold Shi & Chen, 2001b 

Tibet 
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Table 4 (continued). Brachiopod species established by Neil W. Archbold. 


Species (156) 

Reference 

Location 

Neochonetes (Nongtaia) taoni 

Archbold. 1999a 

Thailand 

Neochonetes (Sommeriella) afanasyevae 

Archbold, 1981c 

Western Australia 

Neochonetes (Sommeriella ) cockbaini 

Archbold (in Archbold & Shi, 1993) 

Western Australia 

Neochonetes (Sommeriella) hardmani 

Archbold, 1993b 

Western Australia 

Neochonetes (Sommeriella) hockingi 

Archbold, 1991b 

Western Australia 

Neochonetes (Sommeriella) irianensis 

Archbold, 1991a 

Irian Jaya 

Neochonetes (Sommeriella) magnus 

Archbold, 1997e 

Western Australia 

Neochonetes (Sommeriella) marpoensis 

Archbold & Ciaetani, 1993 

Northwest Himalaya, 
India 

Neochonetes (Sommeriella) nalbiaensis 

Archbold, 1993b 

Western Australia 

Neochonetes (Sommeriella) obrieni 

Archbold, 1995a 

Western Australia 

Neochonetes (Sommeriella) regularis 

Shcn, Archbold, Shi & Chen, 2000b 

Tibet 

Neochonetes (Sommeriella) robustus 

Archbold, 1981 c 

Western Australia 

Neochonetes (Sommeriella) tenuicapillatus 

Archbold, 1981c 

Western Australia 

Neochonetes fredericksi 

Archbold, 1979 [nom. nov. for Chonetes 
tenuistriatus Fredericks, 1926 non Chonetes 
tenuistriata Hall. 1860] 

USSR 

Neopsilocamara laevis 

Shen, Archbold, Shi & Chen, 2000b 

Tibet 

Neospirifer (Quadrospira) woolagensis 

Archbold. I997e 

Western Australia 

Neospirifer ampins 

Archbold & Thomas, 1986a 

Western Australia 

Neospirifer foordi 

Archbold & Thomas, 1986a 

Western Australia 

Neospirifer grandis 

Archbold & Thomas, 1986a 

Western Australia 

Neospirifer plicatus 

Archbold & Thomas, 1986a 

Western Australia 

Neospirifer postplicatus 

Archbold & Thomas, 1986a 

Western Australia 

Notolosia dickinsi 

(Archbold, 1986c) [Echinalosia (Notolosia) 
dickinsi Archbold, 1986c] 

Western Australia 

Notolosia millyiti 

(Archbold, I988g) [Echinalosia (Notolosia) 
millyiti Archbold, 1988g] 

Western Australia 

Occidalia shahi 

Archbold, 1997c 

Western Australia 

Phricodothyris occidentals 

Archbold & Thomas, 1984b 

Western Australia 

Quinqtienella australis 

Archbold, 198 Id 

Western Australia 

Quinquenella magnifica 

Archbold, 1982e 

Irian Jaya 

Quinqtienella semiglobosa 

Shen, Archbold & Shi, 2001a 

Tibet 

Retimarginifew waterhousei 

Archbold, 1984c 

Western Australia 

Retimarginifera xizangensis 

Shen, Arclibold Shi & Chen, 2000b 

Tibet 

Rltynchopora australasica 

Archbold, 1995a 

Western Australia 

Saltospirifer guevarii 

Cistcrna & Arclibold, 2007 

Argentina 

Santanglmia santanghuensis 

Chen & Arclibold, 2002 

Xinjiang, northwest 
China 

Spirelytha fredericksi 

Arclibold & Thomas, 1984b 

Western Australia 

Spirelytha kashirtsevi 

Arclibold, 1993b 

Western Australia 

Spirelytha miloradovichi 

Arclibold & Thomas, 1984b 

Western Australia 

Spirelytha stepanoviana 

Archbold & Thomas, 1984b 

Western Australia 

SpiriJ'er (SpiriJ'er) gancaoltuensis 

Chen & Arclibold 2000 

Xinjiang, northwest 
China 
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Table 4 ( continued ). Brachiopod species established by Neil W. Archbold. 


Species (156) 

Reference 

Location 

Spiriferella cundlegoensis 

Archbold & Thomas, 1985b 

Western Australia 

Spiriferella etheridgei 

Archbold & Thomas, 1985b 

Western Australia 

Spiriferella orientals 

Archbold & Bird, 1989 

Timor 

Stenoscisma ratmani 

Archbold, I982d 

Irian Jaya 

Stereochia irianensis 

Archbold, I982d 

Irian Jaya 

Stfophalosia enantiensis 

Archbold. 1996c 

Western Australia 

Stmphaiosia jimbaensis 

Archbold, 1986c 

Western Australia 

Sulciplica occidentals 

Archbold 1995b 

Western Australia 

Sulcirpgaria tibetensis 

Shen, Shi & Archbold 2003a 

Tibet 

Sulcitaria skwarkoi 

Archbold 1991a 

Irian Jaya 

Svalbardia harelliensis 

Archbold 198 le 

Western Australia 

Svalbardia thomasi 

Archbold 198 If 

Western Australia 

Syrella occidcnta 

Archbold 1996c 

Western Australia 

Syringothyris irianensis 

Archbold 1991a 

Irian Jaya 

Taeniothaeris uifamensis 

Archbold 1991a 

Irian Jaya 

Taeniothaeris densipustulatus 

Shen. Archbold Shi & Chen, 2000b 

Tibet 

Taeniothaeris qubuensis 

Shell, Shi & Archbold 2003a 

Tibet 

Taeniothaerus quadratiformis 

Archbold 1997c 

Western Australia 

Thenlothaems roberti 

Archbold 1996c 

Western Australia 

Tethyochonetes chaoi 

Chen, Shi, Shen & Archbold 2000 

South China 

Tethyochanetes flatus 

Chen, Shi, Shen & Archbold 2000 

South China 

Tethyochonetes? liaoi 

Chen, Shi, Shen & Archbold 2000 

South China 

Tivertonia clunnikensis 

Archbold & Gactani, 1993 

Northwest Himalaya, 
India 

Tivertonia tatmariensis 

Singh & Archbold 1993 

eastern Himalaya 

Tomiopsis balgoensis 

Archbold & Thomas, 1986c 

Western Australia 

Tomiopsis globosus 

Archbold & Thomas, 1986c 

Western Australia 

Tomiopsis hardmani 

Archbold & Thomas. 1986c 

Western Australia 

Tomiopsis harringloni 

Archbold & Thomas, 1986c 

Argentina 

Tomiopsis notoplicatus 

Archbold & Thomas, 1986c 

Western Australia 

Tomiopsis pauciplicatus 

Archbold & Thomas, 1986c 

Western Australia 

Tomiopsis rams 

Archbold & Thomas, 1986c 

Western Australia 

Tomiopsis siangensis 

Singh & Archbold 1993 

eastern Himalaya 

Tomiopsis teicherti 

Archbold & Thomas, 1986c 

Western Australia 

Tomiopsis woodwardi 

Archbold & Thomas. 1986c 

Western Australia 

Tornquistia gregotyi 

Archbold 1981c 

Western Australia 

Tornquistia magna 

Archbold 1980b 

Western Australia 

Tornquistia occidentalis 

Archbold 1980b 

Western Australia 

Tornquistia sttbquadratus 

Archbold 1990c 

Western Australia 

Trigonotreta dickinsi 

Archbold & Thomas, 1986a 

Western Australia 

Trigonotreta lightjacki 

Archbold & Thomas, 1986a 

Western Australia 

Trigonotreta lyonsensis 

Archbold & Thomas, 1986a 

Western Australia 

Trigonotreta neoaustralis 

Archbold & Thomas. 1986a 

Western Australia 

Trigonotreta orientensis 

Singh & Archbold 1993 

eastern Himalaya 
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Table 4 (continued). Brachiopod species established by Neil W. Archbold. 


Species (156) 

Reference 

Location 

Trigonotreta victoriae 

Archbold, 199 Id 

Victoria 

Trigontreta tangorini 

Archbold, 2004b 

New South Wales 

Tupelosia paganzoensis 

Simanauskas & Archbold, 2001 

Argentina 

Tylaplecta pseudomssica 

Archbold. 1979 [nom. nov. for Productus 
yangtzeensis var. rossicu Licharevv, 1937 non 
Productus mssicus von Keyserling, 1856] 

Caucasus 

Waagenites slani 

Archbold 1988g 

Western Australia 

Woolagia playfordi 

Archbold 1997c 

Western Australia 

Wyndhamia colemani 

Archbold 1987b 

Western Australia 

Zhejiangospirifer giganteus 

Shen, Shi & Archbold 2003b 

Tibet 


Table 5. New combinations of brachiopod species established by Neil W. Archbold. 


New combinations (44) 

Reference 

Original designation 

Biplatyconclm grandis (Waterhouse) 

Shen, Shi & Archbold, 2003a 

Platyconclia grandis Waterhouse, 1975 

Bmchythyrinella occidentalis 
(Thomas)* 

Archbold 1982b 

Trigonotreta narsarhensis (Reed) var. 
occidentalis Thomas, 1971 

Callytharrella callytliarrensis 
(Prendergast) 

Archbold 1985b 

Dictyoclostus callytliarrensis Prendergast, 1943 

Carilya coolkiliensis (Coleman) 

Archbold 2001 

Taeniothaerus coolkiliensis Coleman, 1957 

Carilya miniliensis (Coleman) 

Archbold 2001 

Taeniothaerus miniliensis Coleman, 1957 

Carilya roberti (Archbold) 

Archbold, 2001 

Taeniothaerus roberti Archbold 1996c 

Carilya teicherti (Coleman) 

Archbold 2001 

Taeniothaerus teicherti Coleman, 1957 

Cimmeriella foord! (Etheridge) 

Archbold & Hogeboom, 2000 

Productus tenuistriatus de Verneuil? wax. foordi 
Etheridge, 1903 

Coolkilella bella (Etheridge) 

Archbold 1993b 

Productus beIIus Etheridge, 1918 

Costatumulus capilkitus 
(Waterhouse) 

Archbold, 1995a 

Terrakea capillata Waterhouse (in Foster & 
Waterhouse, 1988) 

Costatumulus polliciformis 
(Waterhouse) 

Shen, Shi & Archbold, 2003a 

Cancrinella polliciformis Waterhouse, 1978 

COstiferina wadei (Prendergast) 

Archbold 1985b 

Dictyoclostus callytliarrensis var. wadei 
Prendergast. 1943 

Craniscus skeatsi (Allan) 

Archbold 1991c 

Ancistrocrania skeatsi Allan. 1940 

Crassispirifer mstnalinus (Hosking) 

Archbold & Thomas, 1985a 

Spirifer rostralinus Hosking. 1933 

Crassispirifer? kimberleyensis 
(Foord) 

Archbold & Thomas, 1985a 

Spirifera kimberleyensis Foord 1890 

Cyrolexis superstes (de Verneuil) 

Shen, Shi & Archbold 2003a 

Terebratula superstes de Verneuil, 1845 

Dyschrestia micracantha (Hosking) 

Archbold 1984b 

Pustula micracantha Hosking, 1933 

Echinalosia (Echinalosia) prideri 
(Coleman) 

Archbold, 1986c 

Stroplialosia prideri Coleman, 1957 

Etherilosia prendergastae 
(Coleman) 

Archbold, 1993b 

Heteralosia (Etherilosia) prendergastae in 
Archbold 1993a originally Stroplialosia 
prendergastae Coleman, 1957 

Fusispirifer byroensis (Glauert) 

Archbold & Thomas, 1987 

Spirifer byroensis Glauert, 1912 

Cjelispinifera decipiens (Hosking) 

Archbold Thomas & Skwarko, 
1993 

Spiriferina cristata var. decipiens Hosking, 1933 


indicates a list only 
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Table 5 (continued). New combinations of brachiopod species established by Neil W. Archbold. 


New combinations (44) 

Reference 

Original designation 

Globiella flexuosa (Waterhouse) 

Archbold, 1983e 

Stepanoviella flexuosa Waterhouse, 1970 

Globieltafoordi (Etheridge) 

Archbold, 1983c 

Productus tenuistriutus var. foordi Etheridge, 

1903 [later referred to Cimmeriella by Archbold 
& Hogeboom, 2000] 

Heleralosia complectens (Etheridge) 

Archbold, 1986c 

Strophaiosia complectens Etheridge, 1918 

Lyonia lyoni (Prendergast) 

Archbold. 1983c 

Linopmductus cancriniformis var. lyoni 
Prendergast, 1943 

Megasteges fairbridgei (Coleman) 

Archbold, Thomas & Skwarko, 
1993 

Aulosteges fairbridgei Coleman, 1957 

Megasteges septentrionalis 
(Etheridge) 

Archbold, 1986c 

Aulosteges baracoodensis var. septentrionalis 
Etheridge, 1907 

Myodelthyrium dickinsi (Thomas) 

Archbold, 1990c 

cf. Pseudosyringothyris dickinsi Thomas, 1971 

Neospirifer hardmani (Foord) 

Archbold & Thomas, 1986a 

Spirifera hardmani Foord, 1890 

Pericospira sanjuanensis (Lech & 
Accnolaza) 

Cisterna & Archbold, 2007 

Punctothyris sanjuanensis Lech & Aceiiolaza, 
1990 

Punctocyrtella australis (Thomas) 

Archbold, Thomas & Skwarko, 
1993 

Cyrtella nagmargensis australis Thomas, 1971 

Semilingula occidentaustralia 
(Archbold) 

Archbold Thomas & Skwarko. 
1993 

Lingula occidentaustralis Archbold 1981b 

Stictozoster senticosa (Hosking) 

Archbold 1984b 

Pustula senticosta Hosking, 1933 

Streptorhynchus plata (Waterhouse) 

Shcn. Shi & Archbold 2003a 

Arctitreta plata Waterhouse, 1978 

Tethyochonetes longtanensis (Liao) 

Chen, Shi. Shen & Archbold, 
2000 

Waagenites longtanensis Liao, 1984 

Tethyochoneles quadra ta (Zhan) 

Chen, Shi, Shen & Archbold 
2000 

IVaagenites soochowensis quadrata Zhan, 1979 

Tethyochonetes wongiana (Chao) 

Chen, Shi. Shen & Archbold 
2000 

Chonetes wongiana Chao, 1928 

Tivertonia jaichensis (Amos) 

Cisterna, Simanauskas & 
Archbold 2002 

Lissochonetes jaichensis Amos, 1961 

Tivertoniayarroiensis (Maxwell) 

Archbold 1983c 

Lissochonetes yarroiensis Maxwell, 1964 

Transennatia timorensis (Hamlet) 

Archbold & Bird, 1989 

Productus gratiosus var. timorensis Hamlet, 1928 

Trigonotreta pericocnsis (Leanza) 

Cisterna, Simanauskas & 
Archbold 2002 

Spirifer (Spirifer) pericocnsis Leanza, 1945 

Waagenoconcha waageni (Rothpletz) 

Archbold & Bird, 1989 

Productus waageni Rothpletz, 1892 

Wooramelta senticosta (Hosking) 

Archbold in Hogcboom & 
Archbold, 1999 

Pustula senticosta Hosking, 1933 

Wyndhamia multispinifera 
(Prendergast) 

Archbold 1987b 

Strophaiosia multispinifera Prendergast, 1943 


* indicates a list only 


Table 6. Bivalve species established by Neil W. Archbold. 


Bivalve species 

Reference 

Location 

Pseudomonotis (Trematiconcha) carnavonensis 

Archbold & Skwarko, 1988 

Western Australia 
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Table 7. Trilobite taxa established by Neil W. Archbold. 


Trilobite taxa 

Reference 

Location 

Narinia 

Archbold, 1997c [ex Iriania 
Archbold, 1982c] 

Irian Jaya 

iriania javae [nom. trans. Narinia jayae 
(Archbold) Archbold, 1997c] 

Archbold, 1982c 

Irian Jaya 


TAXA NAMED IN HONOUR OF 
NEIL W. ARCHBOLD 

Archbokievia Angiolini & Long, this volume 
Type species Productus impressus Toula, 1875 
Permian productellid brachiopod from Spitzbergen. 

Archboldina Waterhouse, 2001 
Type species Pustula micracantha Hosking, 1933 
Permian (Sakntarian) productellid brachiopod 
from Western Australia 

Archboldiella Winkler Prins, this volume 
Type species Spirifer basleoensis Hayasaka & 
Hosono, 1951 

Permian spiriferid from Timor. 

Golemixa ? archboldi Waterhouse 2004 
Permian stenoscismatid from the Selong section, 
Tibet. 

Latispirifer archboldonim Winkler Prins, this volume 
Permian spiriferid from Timor. 

Maemia archboldi Martinez Chacon & Winkler 
Prins, this volume 

Carboniferous (Bashkirian) productid from Spain. 

Neilotreta Waterhouse, this volume 
Type species Trigonotreta occidentalis Thomas, 1971 
Permian spiriferid brachiopod. 

Sinolingula archboldi Peng & Shi, (in press). 
Early Triassic lingulid from South China. 

Verchojania archboldi Taboada, this volume 
Permian (Asselian) productellid brachiopod 
from Argentina 
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New Zealand is an emergent part of a submerged continent - Zealandia. Prior to rifting from Gondwana- 
land as a result of Late Cretaceous seafloor spreading and formation of the Tasman Sea floor, Zealandia was a 
continental land area along the eastern margin of Gondwanaland, contiguous with conjoined Australia and 
Antarctica. Zealandia moved in a northeast direction and slowly sank, for about 60 million years. Miocene- 
Recent plate boundary tectonism is responsible for the subsequent emergence of the New Zealand landmass. 

On a Late Cretaceous reconstruction, erogenic trends in Queensland, New' South Wales, Victoria and 
Tasmania strike along the Lord Howe Rise towards New Zealand. It is thus possible that Zealandia and 
New Zealand might be as mineral prospective as eastern Australia, at least in terms of the basement geol¬ 
ogy. However, preliminary studies suggest that although there are superficial similarities between Austral¬ 
ia’s eastern-most ‘terrenes’ (Wandilla, Shoalwater, Gyntpie and Yarrol) and those in New Zealand, there 
are significant differences. 

The Australian heritage of New Zealand may be more than geological, as is suggested by research on 
the antiquity of the land surface of the Chatham Islands and mainland New Zealand. The New Zealand 
terrestrial biota appears to largely post-date earliest Miocene time and is largely derived from Australia. 
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ZEALANDIA AND NEW ZEALAND 

GEOPHYSICAL research within the past few dec¬ 
ades or so, has allowed us to come to better appreciate 
the nature of the crust within the New Zealand region 
(Gaina et al. 1998; Sutherland 1999). It is evident that 
present-day New Zealand is just the emergent part 
(7%) of a very large area of continental crust. For all 
that it is continental crust, it is thin and insufficiently 
buoyant to hold its head above water. It was thinned 
and sank partly as a function of stretching as it rifted 
from Gondwanaland but it also sank as a function of 
thermal cooling. This area is now commonly referred 
to as Zealandia and its extent is broadly defined as 
everything above the 2,500 metre isobath. 

EXPLORING THE GEOLOGICAL HERITAGE 
OF ZEALANDIA AND NEW ZEALAND 
IN AUSTRALIA 

On a Late Cretaceous reconstruction, prior to rift¬ 
ing of Zealandia away from Gondwanaland (Fig. 1), 
the Chatham Islands lie almost at the very SE extrem¬ 
ity of Zealandia, proximal to Marie Byrd Land, west 
Antarctica, and more distal to Australia than any other 
part of Zealandia. 


In this same diagram (Fig. I), orogenic trends in 
Queensland, New South Wales, Victoria and Tasma¬ 
nia strike along the Lord Howe Rise towards New 
Zealand. From this observation it follows that Zealan¬ 
dia (and hence New Zealand) ought to be as mineral 
prospective as eastern Australia, at least in terms of 
the basement geology. Can New Zealand be regarded 
as an outpost of the Australian mineral estate? 

As part of a six-year research programme, we 
have commenced investigations of selected geologi¬ 
cal units in Australia and New Caledonia for compar¬ 
ison with their potential New Zealand counterparts. 
However, initial results suggest that any similarities 
between geological units, structures and geological 
history of eastern Australia and New Zealand are su¬ 
perficial (Mortimer 2004; Mortimer et al. 2005, 
2007). The basement geology of the three countries 
really is very different. 

Preliminary provenance studies involving U-Pb 
dating of detrital zircon populations from meta-sand¬ 
stone lithologies in the eastern-most ‘terranes’ of 
Australia namely the Gympie, Shoalwater, Wandilla 
and Yarrol, has established that Wandilla terrane sed¬ 
iments are of Late Devonian to Early Carboniferous 
age and were derived from an offshore volcanic arc. 
The Shoalwater terrane in contrast comprises sedi¬ 
ments of Middle Devonian age derived from conti- 
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Fig. I. Zealandia reassembled: reconstruction of eastern Gondvvanaland showing Zealandia (and New Zealand) at 90 
Ma, prior to rifting. Note the future Tasman Sea spreading ridge. N.Mortimer, GNS Science. 


nental rocks. Clearly the Shoalwater and Wandilla 
terranes were not in communication with each other 
and the source rocks for Wandilla sediments were re¬ 
mote from any continental margin. These results add 
certainty to the interpretation that the Wandilla and 
Shoalwater are separate terranes. 

We have also examined selected granite batho- 
liths in Queensland that arc considered to be the most 
plausible source of much of the sediment that consti¬ 
tutes the basement Palaeozoic-Mesozoic greywacke 
and schist rocks of Zealandia and New Zealand 
(Adams & Kelley 1998; Adams et al. 1998; Adams et 
al. 2002). In particular, we have sampled the Charters 
Towers Complex and the Hodgkinson Province. The 
Charters Towers granites may be the source of Silu¬ 
rian zircons that arc a distinctive minor component in 
sediments (greywacke rocks) of the Torlesse compos¬ 
ite terranc in New Zealand ( Adams et al. 2007). 

Provenance research on Palaeozoic-Mesozoic 
greywacke-schist rocks of New Zealand (using U-Pb 
dating of detrital zircon populations) suggests that 
much of the sediment that makes up c.60% of the 


New Zealand landmass was probably derived from 
granites of predominantly Permian-Triassic age in 
northeast Queensland (Adams et al. 2007). It there¬ 
fore appears that the Australian heritage of Zealandia 
and New Zealand is considerable. 


ANTIQUITY OF THE LAND SURFACE ON TI IE 
CHATHAM ISLANDS 

We now wish to describe key findings of recent re¬ 
search on the Chatham Islands (Fig. 2), which lie 
some 850 kilometres due east of Christchurch (South 
Island) that has addressed the question: how old is 
the land surface in the Chatham Islands? It has in¬ 
volved geologists and biologists, including molecu¬ 
lar biologists, who have been exploring the relative 
genetic antiquity of selected insects, forest birds and 
plants that are native to the Chatham Islands. 

The Chatham Islands are of particular geological 
interest for many reasons, but most significant is their 
intra-plate setting. They are located well in-board of 
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the western edge of the Pacific plate (Fig. 3), well re¬ 
moved from the Australian-Pacific plate boundary 
zone that is so profoundly expressed through main¬ 
land New Zealand. In this respect, the Chathams are 
almost devoid of tectonic deformation, other than lo¬ 
calised effects associated with volcanism. They have 
been relatively undisturbed for the last 100 million 
years. In this respect, the Chathams may be described 
as that part of New Zealand that is most like Australia 
in that the landscape, for all that the Chathams are re¬ 
mote oceanic islands, is continental in character. The 
Chathams arc the most stable part or New Zealand, 
well removed from the action on the plate boundary 


that mainland New Zealand is subject to (earthquakes, 
active volcanism, mountain building, landslides), and 
hence virtually earthquake-free. 

They constitute the only land at the eastern end 
of the Chatham Rise (Wood el al. 1989), a substan¬ 
tial submarine rise that projects east of mainland 
New Zealand for more than 1,000 kilometres into the 
southwest Pacific Ocean. The crest of the Chatham 
Rise is about 400 metres deep (on average), but shal¬ 
lows to less than 200 metres in several locations. The 
maximum dimensions of Chatham Island are 65 km 
E-W, and 50 km N-S; Pitt Island, to the SE of 
Chatham is about 9 km N-S and 4 km E-W (Fig. 2). 
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Fig. 3. Zealandia in relation to Australia, New Zealand and the Chatham Islands. This is a bathymetric map; colouring 
depicts water depth. The 2,500 metres isobath is taken as a proxy for delimiting the location and extent of the sunken 
Zealandia continent. ‘Map of the New Zealand Continent', GNS Science. The active plate boundary zone between the 
Australian and Pacific plates is indicated. 


They provide a unique window on the geology of the 
Rise, including 'basement'. Mctamorphic Palaeo- 
zoic-Mesozoic rocks (Chatham Schist) are exposed 
on northern Chatham Island and also on the Forty 


Fours (Fig. 4), the eastern-most islets within the 
group (Campbell ct al. 1994). 

The Chathams almost certainly owe their ele¬ 
vated existence to volcanism. The main southern 
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Fig. 4. The Forty Fours, looking west from the NE end of the main islet, with a fishing vessel, the ‘Tessa B’ for scale. 
Note N-dipping bedding within siliceous greywacke-schist; the perched sea-cave, well above (c. 10 m) sea level; and the 
flat-topped surface ot the islet, c.60 m above sea level. This is New Zealand's eastern-most island, privately owned by Maori 
iwi, and home to a major albatross colony. Photo: H.J. Campbell. 27 January 2005. 


mass of Chatham Island is the remnant of a large 
Late Cretaceous terrestrial intra-plate shield volcano 
that erupted between 80 and 70 Ma (Fig. 5). Further¬ 
more, there has been a sporadic but protracted his¬ 
tory ot basalt volcanism in the Chathams since then 
but especially so from Late Miocene (6.0 Ma) to 
Pleistocene time. However, most of this later volcan¬ 
ism is submarine, and there is abundant geological 
evidence of wholesale submergence of the Chathams 
between Late Cretaceous and Farly Pliocene lime. 
Our project set out to determine as accurately as 
possible, the timing of uplift of the Chathams, start¬ 
ing with the premise that they became emergent 
about four million years ago. The basis for this 
premise is the presence of a remarkably pure Middle 
Pliocene ‘deep-water’ (> 200 metres) foraminiferal 
ooze (Motarata Limestone) preserved on Chatham 
Island, that is unconformably overlain by a Late 
Pliocene intertidal shellbed with schist-derived 


quartzofeldspathie sand matrix (Titirangi Sand). The 
most likely explanation for this stratigraphy is verti¬ 
cal tectonism. 

Near The Horns, SW Chatham Island at an alti¬ 
tude in excess of 200 metres above sea level, we have 
mapped a previously unrecognised sequence of ba¬ 
salt lavas and associated palagonitic tuff (deposited 
submarine), overlying an agglomeratic calcareous 
tulf (technically limestone in places) with conspicu¬ 
ous fragmented molluscan shell fossils of oysters 
and scallops. The scallop is identified as a new spe¬ 
cies close in affinity to the modern Pecten novaeze- 
landiae Reeve, 1853 (see Beu et al. 1990) of latest 
Pliocene to early Pleistocene age. On the basis of un¬ 
published radiometric ages (Ar-Ar) derived from ba¬ 
saltic How rocks near The Horns, we have been able 
to conclude that the young submarine volcanic rocks 
that form the highest topography in the Chatham Is¬ 
lands are less than four million years old. Note that 
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Fig. 5. Southern coastline of Chatham Island, looking west from SE Chatham. Note the expansive flat topography with 
modest inconsequential drainage. In the distance, is the highest point with the Chatham Islands, a little less than 300 metres 
above sea level. Geologically, almost everything in view is Southern Volcanics, a remarkably undeformed pile ol N-dipping 
basalt flows with interbeds of red scoriaceous volcaniclastic debris. The volcanic rocks are mantled by a thin sequence of 
late Pleistocene sands, peats and tephras (derived from central North Island rhyolite calderas c. 1,000 kilometres to the 
NW). Photo: 1LJ. Campbell, 1997. 


they had previously been mapped as part of the un¬ 
derlying Late Cretaceous Southern Volcanics. 

This is strong evidence in support of the idea of 
youthful emergence of the Chatham Islands (Camp¬ 
bell et al. 2006c). We have been able to confirm up¬ 
lift of the Chathams within the last four million 
years. Because this is a maximum age, we may fur¬ 
ther assume that the Chathams have become emer¬ 
gent within the last two to three million years. This 
finding is supported by molecular biological research 
showing that the Chatham plants and animals are 
closely related to those from mainland New Zealand 
(Paterson ct al. 2006; Trewick ct al. 2007). 

Thus, there has been tectonic uplift of the 
Chatham Islands within the Pleistocene at a rate of 
0.5-1.0 mm per year, about one twentieth the rate of 
uplift of the axial ranges of the North Island (and 
within the active plate boundary zone). The Chatham 
Islands landscape can now be interpreted as the 
product of middle to late Pleistocene marine abra¬ 
sion. In other words, the land surface is geologically 


young, as is the native Chatham Islands fauna and 
flora. 

The Chathams exemplify the recent emergence 
of a remote eastern extremity of Zealandia. The rea¬ 
son for tectonism remains uncertain, but must relate 
to magmatic inflation associated with localised ba¬ 
saltic volcanism, or more probably, some larger 
wavelength perturbation in mantle convection. Geo¬ 
physical investigations may be able to test these 
competing explanations. 

Having established comparatively recent (Pleis¬ 
tocene) emergence of the Chatham Islands, our at¬ 
tention has now focussed on the age of land surface 
of mainland New Zealand: how old is it? When did 
New Zealand become emergent? 

THE SUBMERGENCE OF ZEALANDIA 

This may seem an odd question. Surely there has 
always been land in New Zealand? How else can 




44 


HAMISH J. CAMPBELL, CHRIS J. ADAMS & NICK MORTIMER 



Fig. 6. Central Otago, South Island; looking N from Manor Burn Dam across Otago Schist country towards the Hawkdun 
Range in the distance (70 km away). Once thought to represent a peneplain of terrestrial origin, this surface is better re¬ 
garded as a composite: a terrestrial surface that has been modified by marine abrasion associated with the early to middle 
Cenozoic Waipounamu Erosion Surface. Photo: Lloyd Homer, CiNS Science. 


the native fauna anti flora of New Zealand be 
explained? 

Recent investigations have addressed the geological 
origin of regional-scale low relief to flat surfaces pre¬ 
served within the New Zealand landscape, especially 
those in Otago (South Island; Fig. 6). This analysis sug¬ 
gests that the principal agent of erosion is marine abra¬ 
sion: the flat surfaces arc wave-cut rather than of 
terrestrial origin (Lemasuricr & Landis 1996). Whereas 
there is no disputing the existence of a terrestrial land 
surface (peneplain) in Late Cretaceous time, it has sub¬ 
sequently been modified by the Waipounamu Erosion 
Surface of early to middle Cenozoic age that has in turn 
been greatly modified by late Cenozoic tectonism. 

This research has prompted a detailed appraisal 
of the geological evidence for the assumption that 
there has been continuous land in the New Zealand 
region since Zealandia rifted away from Gondwana- 
land (Landis et al. 2006, 2008). Results show that the 


geological evidence is so weak that continuous land 
cannot be assumed. It therefore follows logically that 
the alternative, complete submergence must be con¬ 
sidered as a possibility. Furthermore, a reasonable 
case can be made for complete submergence of Zea¬ 
landia. Throughout New Zealand, there are remnants 
of limestone of latest Oligocenc to earliest Miocene 
age (Fig. 7) and it is possible to visualise fully ma¬ 
rine conditions with carbonate deposition across the 
whole of submarine Zealandia. 

In Figure 3, the New Zealand land area repre¬ 
sents a relatively minor 7% of the total area of conti¬ 
nental crust represented by Zealandia. Clearly, most 
of Zealandia is underwater and at an ambient repose 
of one to two kilometres water depth. The question 
one might ask is: why is New Zealand upstanding? 
And the answer is that it is being ‘held up against its 
will' as a direct consequence of plate boundary colli¬ 
sion, which has been vigorous since the Late Oli- 
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Fig. 7. The Kakanui Mountains, looking west froin west of Oamaru (South Island), with Island Cliff, the flat surface in 
middle distance. This is a flat-lying pure biogenic limestone formation (Otekaike Limestone) of earliest Miocene age. The 
mountains in the background are basement rocks (Otago Schist) that have been tectonically uplifted since Early Miocene 
time, and now tower above the older limestone: hard evidence of dramatic mountain building. Photo: Ken Mason, Dunedin. 


gocenc for at most 26 million years (even though 
plate boundary instigation dates back to the Eocene, 
c.45 Ma). Were the collision to diminish. New Zea¬ 
land would undoubtedly slip back under the waves. 

This scenario suggests that Zealandia rifted away 
from Gondwanaland c.83 Ma, and as it did so, it 
slowly sank as a function of crustal stretching and 
thermal cooling, to a low point, of possible total sub¬ 
mergence in Early Miocene time, c.23 Ma. 

If it was completely immersed, what happened to 
terrestrial life? It either perished or survived on 
ephemeral short-lived islands, for which there is lit¬ 
tle geological evidence. Irrespective of what hap¬ 
pened, the great bulk of Zcalandian terrestrial life 
was reduced. With the subsequent emergence of New 
Zealand post 23 Ma, life would have arrived from the 
nearest available land. Australia and New Caledonia 
(and any islands in between) would have been the 
main sources of new arrivals. In this context, the 
Australian biological heritage of New Zealand is 
strong (Trewick et al. 2007). 
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APPENDIX 1: A PERSONAL TRIBUTE TO THE MEMORY OF NEIL ARCHBOLD 

(By H.J.C.) 


1 wish to take the opportunity in this keynote ad¬ 
dress, to talk about Neil Archbold for whom this 
Symposium is dedicated, and indeed is the reason 
why we are all here. I was fortunate to be with Neil at 
the Gondwana 12 Symposium in Mendoza, Argen¬ 
tina, in November 2005, and I was able to spend 
quite a bit of time with him over the five days of the 
conference. We were not in the same hotel but I saw 
plenty of him at coffee breaks and lunchtime. De¬ 
spite his troubles and his distressing appearance, he 
was sharp as a tack and full of humour. I attended his 
paper that sadly proved to be his last public perform¬ 
ance. He struggled to both stand and talk, due to 
shortness of breath, and almost succumbed to faint¬ 
ness, but people rallied to assist and he was able to 
valiantly finish what he had to say from a chair. The 
burden of his address was familiar to many of us but 
was nevertheless well-argued, clear and concise: the 
decisions of the Permian Subcommission had over¬ 
looked, indeed short-changed, the needs of Gondwa- 
naland stratigraphy and therefore it was necessary to 
create a separate workable chronostratigraphy for 
Gondwanaland based on fossil groups such as bra- 
chiopods, molluscs (bivalves and gastropods), plants 
and palynomorphs that arc common to Gondwana 
sequences. 

I first met Neil at the 2 nd Brachiopod Congress 
held in Dunedin. New Zealand, in early 1990. How¬ 
ever, I had corresponded with him since 1984, so I 
knew him for 22 years. We communicated on a regu¬ 


lar basis and met up at various conferences such as 
Gondwana 8 (Hobart. 1991), the Strzclecki Sympo¬ 
sium (Melbourne, 1997), PAFF (Wollongong, 1997) 
and lastly Gondwana 12 (Mendoza, 2005). I also saw 
quite a lot of him in 1994 when I was based in Bang¬ 
kok, Thailand, running a one-man office as GNS (In¬ 
stitute of Geological and Nuclear Sciences; now 
referred to officially as GNS Science) representative 
in Southeast Asia. This was a busy and rewarding 
time for me that necessitated travel to and from New 
Zealand via Melbourne eight times in the space of 
one year. 

Needless to say, it was the Permian and brachio- 
pods in particular that attracted Neil to New Zealand 
(Fig. 8). Neil was always good company, a joy to be 
with, an absolute delight; and he was never short of 
interesting things or thoughts to talk about. I shall al¬ 
ways remember Neil wearing his lndian-style pith 
helmet on field trips (Fig. 9). It doubled perfectly as 
both a sun-hat and a hard-hat. It complemented his 
tall lean figure and made him stand out in the crowd 
with an unmistakable and imposing presence, rein¬ 
forcing his persona as a leader, a ‘grand pyjama’. 

Speaking of which, Neil often referred to friends 
and colleagues in code. 1 shall never forget telling 
Neil of the wonderful spectacle of Mac Dickins who 
was feted at the Gondwana 9 Symposium for his 
leading role and long service with the Gondwana 
Subcommission. He appeared on stage to receive 
tributes and the adulation of all those present and 
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Fig. 8. Neil Archbold on location in Tasmania (Maria Island) surrounded by richly fossiliferous brachiopod-bcaring 
shellbeds of Early Permian age. Photo: H.J. Campbell; Gondwana 8 Symposium, 19 June, 1991. 



Fig. 9. Neil Archbold pointing to something significant of probable Permian age (?essexitc) on the NSW coast (Merry 
Beach). Photo: H.J. Campbell; Strzelecki Symposium, 6 December 1997. 
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Fig. 10. Neil Archbold and the monument on the coast near Wollongong, marking the place of first landfall by Captain 
James Cook on Australian soil on 28 April, 1770. Photo: H.J. Campbell; PAFF, Wollongong, 10 December 1997. 


was soon festooned with flowers by beautiful female 
Indian dancers, neither of which he knew quite what 
to do with. Neil was quick to point out that Mac was 
indeed ‘a grand pyjama’. Accordingly, Mac was for¬ 
ever referred to as just this whenever he arose in our 
conversations. 

Neil had a deep interest and knowledge in just so 
many aspects of natural history, but he had an un¬ 
canny knack of putting things in their place with his 
wit, his endless play with words and the short pithy 
epithet. 1 recall telling him about the Auckland Mete¬ 
orite that crashed through the corrugated iron roof of 
a suburban home in Ellcrslie, Auckland, on 12 June 
2004, at about 9:15 am. The lady of the house was at 
the kitchen sink and heard the crash at the other end 
of the room (an open plan rectangular kitchen/living 
room). She immediately abused her husband who 
happened to be on the toilet at the time! Anyway, it 
transpired that the crash was due to a cobble the size 
of a large potato that had punched its way clean 
through the metal roof, and the plaster ceiling, land¬ 
ing in a couch with foam cushion seating. The cobble 
had then rebounded off the cushion seat, bruising the 
ceiling and had then clattered down to the floor. The 


‘cobble’ was still warm from its travels and hard¬ 
ships. It was a burnished brown colour with obvious 
signs of ablation, and was subsequently identified by 
geologists as a stoney meteorite, though it has never 
actually been subject to any intensive petrographic, 
chemical or isotopic analysis. Neil was suitably im¬ 
pressed by this story but in his inimitable style was 
quick to point out that it must be considered as ‘the 
ultimate couch potato’. 

History, heroes, and the great accomplishments 
of the past, were a constant source of interest and 
pleasure to Neil (Fig. 10). He had a huge stored-up 
knowledge and capacity for such things, which al¬ 
lowed him to more holistically appreciate the signifi¬ 
cance and relevance of the ’now’ better than most. In 
Mendoza we talked about a book that I had recently 
read and had been greatly impressed by. Inevitably, 
Neil was ahead of me and knew of it. We discussed it 
at length. The book is ‘The scashcll on the mountain 
top’ by Alan Cutler, published by Arrow Books in 
2003. It is all about Nicolaus Steno, a Dane who is 
regarded as a very significant figure in the history of 
science, and a key thinker in the early development 
of geology as a science. In first-year geology courses, 
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students learn of Steno because of his eternal link 
with the Law of Superposition. He became embroiled 
in a debate within Europe, in the 1660s, concerning 
the origin of fossils. There were two competing ideas: 
that they grew in the rock or that they were relics of 
the Noachian flood, as recorded in the Bible. With 
careful observation and withering logic, Steno dem¬ 
onstrated that neither was correct. He published on 
the matter and in so doing established stratigraphy as 
a science. But in a sense this revelation was a side¬ 
show to his other great achievements. He was a 
skilled artisan armed with the latest in technology: 
the scalpel and the magnifying glass. He became re¬ 
nowned for his skilled dissections of all manner of 
animals as well as human cadavers, and a darling of 
the courts of Europe, forever on the lookout for ever 
more titillating spectacles and forms of amusement. 
To my amazement, he is credited by this author ( Alan 
Cutler), and I have no reason to doubt him, that Steno 
was the first person to determine that humans have 
eggs. He did so in 1667. Not so long ago. I had al¬ 
ways assumed that humanity has always known that 
humans have eggs, but think about it: how could it be 
known without the benefit of scalpels and magnify¬ 
ing lenses? Surely the year 1667 must be regarded as 
one of the most significant and defining moments in 


human history. Up until this point in time, the under¬ 
standing was that the man planted the seed and the 
woman was just the paddock. And fancy, it took the 
world’s top geologist of the day to figure it all out. A 
geologist!! Thinking about these sentiments gave 
Neil a great deal of pleasure in Mendoza. By the 
way, this was not the only anatomical breakthrough 
that Steno made. He is credited as being the first to 
determine where tears emanate from, namely the tear 
ducts (the ‘Stenonian Canals’), and more impor¬ 
tantly, determining that the heart is not a furnace but 
a pump. 

These words are a record of some of the thoughts 
that were exercising Neil’s mind during the last few 
weeks of his life. 

More importantly perhaps, this contribution con¬ 
cerns some of my own geological research which I 
discussed with Neil in Mendoza. I presented two pa¬ 
pers at the conference but Neil was unable to attend 
(Campbell et al. 2005a,b). 

Since then, my co-authors (Chris Adams and 
Nick Mortimer) have made progress with laboratory 
analysis of samples collected by us during fieldwork 
carried out in Queensland in August 2004. This is a 
very brief account of what we have accomplished so 
far (see also Mortimer et al. 2005, 2007). 
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PALAEOBIOGEOGRAPHY is a field marked by 
important intellectual insights and developments; re¬ 
cently the field has shown signs of emerging insights 
and new growth. This positive trajectory can be as¬ 
cribed to several significant developments. Chief 
among these is our growing knowledge of the fossil 
record, involving the publication of more detailed 
palaeobiogeographic studies (Mawson ct al. 1998; 
Shi & Grunt 2000; Talent et al. 2001; Meyer-Ber- 
thaud ct al. 2003; Meert & Lieberman 2004; Shi 
2006). It is also related to an increasing emphasis on 
quantification in palaeobiogeography (eg. Shi 1993), 
expanding the precision and sharpening the interpre¬ 
tation of results. Coupled with this is the growth of 
phylogenetic approaches to biogeography and palae¬ 
obiogeography (Brooks & McLennan 1991; Lieber¬ 
man 2000) that allow patterns to be related directly 
to evolutionary diversification. Ultimately, however, 
aspects of the growth of palaeobiogeography can be 
tied to the intrinsic nature of palaeobiogeographic 
data themselves. In particular, these are the geo¬ 
graphic distributions of species (or other taxa) in the 
fossil record, thereby joining the discipline with an¬ 
other important research area, macroevolution. 


THE GEOGRAPHY OF MACROEVOLUTION 
Punctuated equilibria 

Macroevolutionary theory is a fundamental contri¬ 
bution palaeontology has made to evolutionary biol¬ 
ogy. For example, punctuated equilibria (Eldredgc & 
Gould 1972), the turnover pulse hypothesis (Vrba 
1980, 1985), and species selection (Vrba 1984; Vrba 
& Eldredgc 1984; Lieberman & Vrba 1995) were all 
developed either directly from analysis of the fossil 
record or at least benefited from palaeontological in¬ 
sights. One common thread that punctuated equi¬ 
libria and the turnover pulse hypothesis share is they 
both posit that evolution in general and speciation in 
particular occurs in a geographic context. Punctuated 
equilibria was based on the recognition that specia¬ 
tion is allopatric sen.su Mayr (1942, 1963). (Research 
documented in Brooks & McLennan [2002] contin¬ 
ues to confirm that speciation typically occurs via al- 
lopatry.) Eldredge & Gould (1972) used this 
recognition to predict the general topology of evolu¬ 
tion in the fossil record: the conditions that encour¬ 
age speciation are small, geographically isolated 
populations; these populations will diverge relatively 
rapidly and by their very nature will be less likely to 
be preserved in the fossil record. Further, in the ab- 
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sence of geographic isolation, speciation and evolu¬ 
tionary divergence should not be expected. 

In effect, geographic isolation becomes the force 
driving evolution. If geographic isolation is the mo¬ 
tive force of evolution, the processes that initiate ge¬ 
ographic isolation emerge as significant evolutionary 
mechanisms, and scientists need look no further than 
the geological record to find such mechanisms. In¬ 
cluded would be tectonic and climatic change, which 
at times are coupled (eg. Hallam 1981a; Lieberman 
2000 ). 

It is interesting, or ironic, depending on your per¬ 
spective, that geographic factors not only encourage 
evolutionary divergence at the species level: some¬ 
times they act to promote evolutionary stasis. In 
particular, the differentiation of species into distinct 
geographic populations can serve as a mechanism that 
prevents evolutionary change, leading to net species 
stasis (Lieberman ct al. 1995; Eldredge et al. 2005). 

Darwin, in his early notebooks of 1837 and 1838 
(Barrett et al. 1987), recognized the important role 
geographic isolation played in motivating speciation. 
In at least one place in these early notebooks he even 
suggested that isolation was more apt to occur in 
marginal environments, showing some parallelism to 
ideas on punctuated equilibria (Eldredge 2005: 134). 
This was partly based on biogeographic patterns 
Darwin recognized in the Galapagos and on the 
South American mainland (Grinnell 1974; Kottler 
1978; Sulloway 1979; Richardson 1981; Lieberman 
2000). Later, however, in 'On the Origin of Species 
...’ Darwin (1859) dc-emphasized geographic isola¬ 
tion and the geological or climatic processes that 
might cause it, viewing these mechanisms as subor¬ 
dinate to competition and natural selection. This was 
partly because he came to see island biotas, like 
those inhabiting the Galapagos, as depauperate and 
inferior to biotas living on larger land masses. For 
example, ‘(a)lthough 1 do not doubt that isolation is 
of considerable importance in the production of new 
species, on the whole I am inclined to believe that 
largeness of area is of more importance, more espe¬ 
cially in the production of species, which will prove 
capable of enduring for a long period, and of spread¬ 
ing widely’(Darwin 1859: 105). 

The erudite and hugely influential views of Dar¬ 
win (1859, 1872) meant that the role of geographic 
isolation as an important evolutionary mechanism 
was downplayed and ignored by generations of evo¬ 
lutionary biologists. In effect, what the early authors 
who argued for the important role of geographic iso¬ 
lation in evolution, like Wagner (1873), Gulick 


(1872), and Mayr (1942) ultimately accomplished 
was to keep Darwin’s early, private views alive while 
reinstating them into the mainstream of evolutionary 
theory. Punctuated equilibria accomplished this, 
showing that Darwin s predicted pattern of evolu¬ 
tionary gradualism did not square with the actual de¬ 
tails of the fossil record. Instead, the evolutionary 
motor - geographic isolation of small populations in 
marginal environments - wotdd produce long peri¬ 
ods of stasis in species punctuated by relatively rapid 
periods of change. A clear connection can be traced 
from Wagner (1873) to Mayr (1942, 1963) to El- 
dredge & Gould (1972), and ultimately this intellec¬ 
tual evolution generated a more accurate picture and 
better understanding of the way macroevolution hap¬ 
pens: a view that corresponds better, in some re¬ 
spects, to Darwins private musings of 1837-1838 
than the views he developed in Darwin (1859, 1872). 
Punctuated equilibria, perhaps modern palaeontolo¬ 
gy's most significant macroevolutionary theory, was 
developed by squaring geography and evolution with 
patterns in the fossil record. 

Turnover pulse 

Eldredge & Gould (1972) did not explicitly dignify 
geological and climatic change as the primary proc¬ 
esses that cause geographic isolation leading to .spe¬ 
ciation because this was not the focus of their paper. 
The emphasis on the control of climate and geology 
reached its macroevolutionary specification and frui¬ 
tion in Vrba’s(l980, 1985) turnover pulse hypothesis 
which considers how the various components of bi¬ 
otas may evolve or go extinct in concert. 

Vrba (1980, 1985, 1992) argued, based on exam¬ 
ples from the Neogene of Africa, that numerous rep¬ 
resentatives of regional biotas (her focus was on 
tropical mammals) showed concerted pulses of ex¬ 
tinction and speciation; these pulses were associated 
with climatic change. Deteriorating climatic condi¬ 
tions (relative to the preferences of tropical mam¬ 
mals) caused population size to decline and 
populations to fragment as they tracked smaller and 
smaller stretches of their preferred environment. The 
small isolated populations became more susceptible 
to extinction; also, because they were geographically 
isolated, they become subject to the very conditions 
that encourage speciation. In cases where geographic 
isolation is mediated by climatic or geological 
change, and leads to differentiation and speciation, 
the term ‘vicariance’ is used (eg. Brooks 1985; Wiley 
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& Mayden 1985; Brooks & McLennan 1991). (The 
usage of die term vicariancc has a long and interest¬ 
ing history [see Croizat 1982 for discussion].) 

Vrba’s turnover pulse extends the single species 
emphasis of punctuated equilibria to a regional, bio- 
geographic context; this regional approach came 
under Darwin’s purview in his early writings (Dar¬ 
win 1909) when he considered the cvolutionarily dis¬ 
tinct nature of a hypothetical fauna similar to the 
Galapagos and further speculated how the diversifi¬ 
cation of this fauna might have been driven by 
changes of sea-level (Lieberman 2000). 

The turnover pulse is an important contribution to 
macroevolutionary theory and also is fundamentally 
linked to palaeobiogeography through the touchstone 
of vicariance. Patterns equivalent to those described 
using the original example of the turnover pulse have 
sometimes been referred to under the rubric of ‘coor¬ 
dinated stasis’ based on studies of the Palaeozoic of 
North America by Brett & Baird (1995) and others. 

GEODISPERSAL, MACROEVOLUTION, AND 
THE FOSSIL RECORD 

Geodispersul, its significance, including an 
historical perspective 

Vicariance is not the only biogeographic process rele¬ 
vant to macroevolutionary theory. Just as geological 
and climatic changes can cause geographic barriers to 
form, leading to geographic isolation and vicariant 
speciation, sometimes geological and climatic changes 
cause geographic barriers to fall, allowing several taxa 
to congruently expand their ranges. Lieberman & El- 
dredge (1996) and Lieberman (2000, 2003) termed 
this process geodispersal. Recently, Halas et al. (2004) 
have used the term ‘taxon pulse’, after Erwin (1979) 
to refer to this same process. The potential problem 
with Halas et al's (2004) usage is that what Erwin 
(1979, 1981) had in mind when he used the term 
‘taxon pulse’ was a taxon’s adaptive shift from one 
habitat into another along an adaptive pathway (eg. 
Erwin, 1981: 175). Such changes could be caused by 
tectonic or climatic processes, but they could also be 
mediated by ecological mutualisms or coevolutionary 
dynamics (Erwin 1981). By contrast, the term gcodis- 
pcrsal of Lieberman & Eldredgc (1996) requires no 
assumptions about the adaptive basis for any change 
in geographic range, and considering such are often 
untcstable in the palaeontological record, it may be apt 
to use a more theory neutral term. 


Lieberman (2000, 2003) provided a long list of 
authors extending back to Lyell (1832) who had de¬ 
scribed phenomena similar to geodispcrsal. One im¬ 
portant example of geodispersal missed by Lieberman 
(2000,2003) that deserves amplification here is I Lil¬ 
ian! (1981a, b). Hallam was a pioneer in the rigorous 
analysis of palaeobiogeographic data and its applica¬ 
tion to study plate tectonics (see Lieberman 2003). 
He also was an important early proponent of a proc¬ 
ess akin to geodispersal. Hallam (1981b: 340) re¬ 
garded vicariance and geodispersal (term not used) 
‘as equally important phenomena and two sides of 
the same coin. Thus, the creation of the Central 
American Isthmus and the Middle Eastern closure of 
Tethys promoted vicariance among marine organ¬ 
isms and (geo)dispersal among terrestrial organisms.’ 
Also, one of the important themes considered in Hal¬ 
lam (1981a) was how the primary locus of biogco- 
graphic change can oscillate through time, shifting 
between plate tectonics and sea-level rise and fall, 
depending on the prevalent earth history regime. As 
the locus shifts it causes differences in the relative 
amounts of vicariance or geodispersal through geo¬ 
logical time (Lieberman 2005). Rull (2004) and 
Hembree (2006) are other recent studies that empha¬ 
sise the importance of considering both vicariance 
and geodispersal in palaeobiogeographic studies. 

Geodispersal and punctuated equilibria 

Punctuated equilibria posits that typically the appear¬ 
ance of a new species in the fossil record does not mark 
the species’ evolutionary origin but rather its move¬ 
ment from a geographically restricted small population 
to a widespread, common species (Eldredgc & Gould 
1972). This expansion could occur by traditional dis¬ 
persal (see Lieberman 2000) over a pre-existing geo¬ 
graphic barrier or it could be mediated by a climatic or 
geologic change that effaced a pre-existing geographic 
barrier. A way of testing these alternative hypotheses 
would be to search for biogeographic congruence and 
investigate whether several other taxa concurrently ex¬ 
panded their geographic ranges. 

Geodispersal and the turnover pulse 

The turnover pulse was first developed by Vrba 
(1980. 1985,1992) to explain evolutionary dynamics 
in Tropical Africa during the Ncogcne: a time of 
oscillating climate. It not only invoked a series of 
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congruent vicariance events in African mammals 
driven by climatic cooling; it also posits that because 
of periods of subsequent climatic amelioration these 
episodes will be followed by instances of geodisper¬ 
sal; multiple taxa will expand their ranges after geo¬ 
graphic barriers to their free movement (including 
the absence of appropriate intervening habitat) fall. 

It is noteworthy that these coupled episodes of vi¬ 
cariance and geodispersal will not always lead to spcci- 
ation and extinction. Sometimes, particularly if climate 
is changing rapidly enough that vicariance and geodis¬ 
persal follow closely on the heels of one another, habi¬ 
tat loss and geographic isolation does not persist for 
long enough to spark evolutionary divergence or ex¬ 
tinction (Vrba 1995). In this case actually, the quickly 
coupled episodes of vicariance and geodispersal may 
produce a shuffling selective regime that acts to cancel 
out accrued divergence, leading to net evolutionary 
stasis in species (see Bennett 1990). It was described 
above for the case of punctuated equilibria how geo¬ 
graphic I'actors can mediate both species divergence 
and stability: here we see evidence at a broader hierar¬ 
chical scale that the biogcographic patterns mediating 
evolutionary stability and change of multi-species as¬ 
semblies are conjoined. Thus, an understanding of bio¬ 
geographic mechanisms can help explain what pushes 
forward, or holds back, evolutionary change. 

The possible connection between geodispersal, 
species invasions, and extinctions 

One additional area where gcodispcrsal may be rele¬ 
vant to macrocvolutionary theory is the extent to 
which episodes of geodispersal, when they bring new 
species into contact with one another, may trigger 
wholesale extinction. The answer to this question 
will partly devolve to the role of competition in mac¬ 
roevolution (see discussion in Gould & Calloway 
1980; Vrba 1992; Benton 1996 and refs, therein). 
The Great American Interchange was long thought 
of as one such example (eg. Darwin 1859; Matthew 
1915), although now the dynamics of the interchange 
seem more explicable as the result of the vagaries of 
changing climate (Vrba 1992). Still, it is also clear 
that today’s biodiversity crisis is caused in no small 
part by invasive species, whose range expansions are 
mediated by our own species; these bring novel and 
naive species into contact with one another, some¬ 
times creating ecological interactions that cause dra¬ 
matic population declines and extinctions. Similar 
dynamics may have occurred in other examples pre¬ 


served in the Neogene marine fossil record (Vermeij 
1978). At this point it remains an open ended ques- 
tion as to whether or not geodispersal may prove an 
important factor that precipitated extinctions pre¬ 
served in the geological record. If ultimately such 
episodes prove to be important, it would provide an¬ 
other connection between macroevolution and 
palaeobiogeography. 

CONCLUSIONS: PALAEOBIOGEOGRAPHY 
AND EVOLUTIONARY DYNAMICS 

It is clear that important connections exist between 
several aspects of macrocvolutionary theory and bio- 
geography; one other fundamental palacobiogeo- 
graphic topic with macrocvolutionary implications is 
the extent to which species modify their ranges 
through time. Coope (1979) has demonstrated that 
throughout the Pleistocene many species of still ex¬ 
tant beetles underwent prodigious shifts in geo¬ 
graphic range (see also discussion in Hallam 2004); 
the same is true of many other Pleistocene taxa (eg. 
Davis 1986; Huntley & Webb 1989). Species seem 
capable of profound modifications in their geo¬ 
graphic range throughout their evolutionary history; 
this fact powerfully confronts studies of extant taxa 
and speaks to the importance of having the temporal 
context for changing geographic range that only the 
fossil record can provide. As I looker (1853: xix) rec¬ 
ognised ‘(t)he distribution of species has been ef¬ 
fected by natural causes, but these are not necessarily 
the same as those to which they are now exposed.’ 

Because of the incompleteness of the fossil 
record it is of course true that for some cases, and for 
certain types of taxa, it is not always possible to de¬ 
termine how the geographic range of an extinct spe¬ 
cies changed through time, from its evolutionary 
origin to its extinction. However, there are a wealth 
of data preserved in the fossil record illustrating 
among species patterns of biogcography and macro¬ 
evolution; in cases it may even be possible, especially 
in the Pleistocene, to discover patterns of palaeobio- 
geographic and evolutionary differentiation within 
individual species (eg. Polly 2003). 

One thing that seems clear is there is a dynamism 
in the biological realm that is directly related to the 
dynamic nature of our planet’s climate and geology 
(Lieberman 2005). At times this dynamism sparks di¬ 
versification, at other times it prevents it; ultimately 
this reflects the important mechanistic coupling be¬ 
tween macroevolution and palaeobiogeography. 
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THE IMPORTANCE of internal morphology in the 
study and classification of brachiopods has been 
known for a considerable time. In the Athyridida, as in 
other later rhynchonelliforms with cyrtomatodont 
teeth, their valves arc strongly articulated, remaining 
so after death, taphonomy and diagenesis. Within 
these complete articulated fossil shells the cardinalia 
and calcified lophophore supports are commonly well 
preserved but there have been few attempts to exam¬ 
ine inter-population, intra-population and ontogenetic 
variations within and between species using these in¬ 
ternal features. This paper discusses, more extensively 
than was practical in the Treatise format (Alvarez & 
Rong 2002), the variability found in the cardinalia of 
athyridoid species of Plicathyris , Anathyris, Hexa- 
rhytis, Pachyplax, Cleiothyridina, Composita and 
Spirigerella using serial sectioning and/or acid diges¬ 
tion of silicified specimens, and SEM analysis of the 
recovered valves. We discuss the significance that 
knowledge of such variations might have on taxo¬ 
nomic considerations; and the advantages, disadvan¬ 
tages and the difficulties in interpretation and 
comparisons of results obtained using these methods. 

MATERIALS 

The generosity and kindness of the late Richard E. 
Grant (National Museum of Natural History, Smithso¬ 
nian Institution, Washington) allowed access to the sil¬ 
icified athyridids from the Permian of Thailand and 
Texas. Detailed analyses of these silicified shells and 


those of the Mississippian (Visean) of County Fer¬ 
managh (Northern Ireland) plus the calcareous and 
silicified specimens collected for over thirty years 
from the Devonian of the Cantabrian Mountains (NW 
Spain) allowed us to recognise inter-population, intra¬ 
population, phylogenetic and ontogenetic variations 
present in the cardinalia of some plicathyridine and 
athyridine genera and to test previous descriptions 
based only on serially sectioned specimens. 

Illustrated material is housed in the Palaeonto¬ 
logical Collections of the Natural History Museum, 
London, with specimen numbers prefixed BB; in the 
National Museum of Natural History, Washington, 
D.C., with specimen numbers prefixed USNM; in 
the Australian National University, Canberra, with 
specimen numbers prefixed ANU; in the Museo Na- 
cional de C'iencias Nalurales (Madrid), with speci¬ 
men numbers prefixed MNCN, and in the Department 
of Geology of the University of Oviedo, with speci¬ 
men numbers prefixed DPO. 

METHODS 

Because of the dearth of dissociated valves and the 
scant use of methods for exposing the cardinalia by, 
for example, selective dissolution of the shell from 
the matrix by dilute acids, removing the valves of 
specimens by making them white hot followed 
abruptly by plunging them in cold water, or by dis¬ 
secting the matrix from the skeleton using needles, 
the study of internal characters commonly require 
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Fig. I. A-B. Posterior and posterodorsal (ventral valve on top) views of internal mold of Clavigera sp. (Late Triassic. 
Rhactian; Taringatura Hills, New Zealand), DPO F24246 (adapted from Alvarez 2003). C. Lateral view of a broken silici- 
fied specimen of Athyris waratahensis (Talent, 1956) showing the juguni, with saddle and stem, crura and part of the first 
whorl of the spiralium (Early Devonian, upper Emsian; Taemas, NSW, Australia), ANU 18998 (adapted from Alvarez 1999, 
photograph courtesy of B.D.E. Chatterton). (Scale bar 1 mm). 


specific and labour intensive techniques. Most pal¬ 
aeontologists base the study of internal morphology 
of fossil articulated rhynchonelliforms mainly on the 
use of serial grinding methods. Rubber casts ob¬ 
tained from internal moulds are especially helpful in 
the study of cardinalia in specimens collected from 
Late Ordovician and Early Silurian sandstones, and 
Upper Triassic sandstones and siltstones (e.g. 
Fig. I A-B; Alvarez 2003). In a few very fortunate in¬ 
stances abundant and well preserved, secondarily sil- 
ieified, specimens were extracted from limestones by 
acid digestion (e.g. Cooper & Grant 1976; Grant 
1976; Brunton 1984). 

Athyridides with calcareous and strongly articulated 
shells 

Articulated specimens obtained from calcareous- 
marly rocks, bioclastic or argillaceous limestones, 
commonly have the cardinalia and brachidium well 
preserved. These important features have been stud¬ 
ied by preparing serial sections of shells during the 
last century (e.g. Almeras 1970; Garcia-Alcaldc 
1971; Copper 1973, 1995; Delancc 1974; Dagys 
1974; Sheehan 1977; Chen 1979; Modzalevskaya 
1981, 1985; Gratsianova & Dagys 1983; Wang & 
Rong 1986; Grunt 1986, 1991; Jin 1989; Alvarez 
1990; Rong et al. 1994, 2004; Shi & Shen 1997; Hav- 
licek & Vanek 1998; Poscnato 1998, 2001; Grunt & 
Racki 1998; Chen & Yao 1999: Shi et al. 1999; Popov 
et al. 1999; Alvarez & Brunton 2000; Li & Jones 
2002; Alvarez & Rong 2002; Chen ct al. 2003; Shen 
et al. 2004; and references quoted therein). But. the 
limitations of such practices were soon recognized 
(St. Joseph 1937; see also Ager 1965; Westbrock 
1967; Singeisen-Schneider 1976, 1979; Cooper 1983; 


Sandy 1986, 1989; Alvarez 1990; Tomasovych 2006, 
among others). 

Drawbacks in serial sections that militate against 
accurate reconstruction of the shell interior were dis¬ 
cussed in Alvarez (1999). Williams (2002: xxvi) rec¬ 
ognized that ‘ unfortunately, much data obtained by 
preparing serial sections can be misleading. It is sel¬ 
dom possible to prepare serial sections of shells of 
different species so that exposed surfaces being com¬ 
pared for taxonomic purposes bear the same rela¬ 
tionship to, say, a constant medial vector of growth. 
Moreover, very few studies have taken into account 
microstructural evidence of the way features grew. 
Notwithstanding these shortcomings, serial sections 
have been (and still are) used to erect genera based 
on micromorphological differences in internal skele¬ 
tal pieces that have been viewed in two dimensions 
only'. 

Most, if not all authors will agree with what Wil¬ 
liams (2002) wrote, but a few words could be added 
and some points stressed. For example, although it is a 
widely held view that internal characters are generally 
less variable than external ones (see discussion in 
Cooper 1977, 1983; Alvarez 1990, 1999; Tort & Lau- 
rin 2001) (so a great number of species and even gen¬ 
era arc based on them), detailed studies of the internal 
structures of numerous Recent and fossil rhynchonel- 
liform species have shown that these structures, far 
from lacking variation, exhibit a variability to some 
extent comparable to that of their external morphol¬ 
ogy (e.g. Alvarez 1990, 1999 in athyridides; Hiller 
1986; Boulier et al. 1986; Lee ct al. 2001, 2006; Tort 
2003; Alvarez & Brittle unpub. data, in Recent tere- 
bratuloids). Unfortunately, there have been few at¬ 
tempts to examine and illustrate typical variation 
within and between species in these internal features 
in fossil brachiopods, possibly because good sped- 
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mens are commonly scarce and because the technique 
of serial sectioning is very time consuming. Signifi¬ 
cant numbers ofathyrididc species were erected based 
on specimens collected in remote areas that were dif¬ 
ficult to access, and necessitated, in spite of the collec¬ 
tor’s best efforts, the collection of only a few 
specimens, sufficient to satisfy the requirements of 
the CODE in erecting a new species, but insufficient 
to study external and internal morphological variabil¬ 
ity. The scarcity of well preserved specimens and the 
destructive nature of the technique, led most authors 
to choose the worst specimens for serial sectioning, 
keeping the best preserved (frequently only one) for 
the designation of type (the holotype). Unluckily, the 
incompleteness, erosion, tectonic distortion or the 
highly crystalline nature of the matrix within the shell 
“selected” for serial sectioning has made examination 
of internal structures very difficult and the results dif¬ 
ficult to interpret, in the literature some serial sections 
are not exactly perpendicular to the symmetry and 
commissural planes, but have various angles (follow¬ 
ing the convexity of the dorsal umbo), an example are 
those attempting to illustrate the development of the 
cardinalia (c.g. Alvarez & Rong 2002: 1581, fig. 

1076). Frequently, in these sections taken with varia¬ 
ble angles, the structures appear exaggeratedly high, 
being almost impossible to generate digitized, three- 
dimensional models from enlargements of these sec¬ 
tions. Serial sections made apical ly, in the dorsal 
umbonal region, which are not exactly perpendicular 
to both the symmetry and the commissural planes, 
could also be misleading when trying to discriminate 
between a short median septum (typical of many nter- 
istelloids) and a more or less high crested myophragm 
medially dividing the dorsal muscle field. In fact, for 
the above and similar reasons, the configuration of 
such important structures as the brachio-jugal system 
and the cardinalia are known, even superficially, in 
less than 50% (the brachio-jugal system) and 20% 
(the cardinalia) of the genera commonly considered to 
be athyridides (cf. Alvarez et al. 1998; Alvarez & 
Carlson 1998; Alvarez 1999; Alvarez & Rong 2002). 

The study of the Devonian athyridid brachiopods 
from the Cantabrian Mountains demonstrates unex¬ 
pected generic and specific diversity. The large number 
of specimens studied showed a considerable variability 
in this group of brachiopods externally but also, inter¬ 
nally (cf. Alvarez 1990). To be aware of the intra-popu- 
lational variation in the cardinalia several articulated 
and well preserved (at least externally) specimens of 
the same species and from the same locality (the type 
locality whenever possible) were selected for serial 


sectioning. In some cases sectioned specimens were,' 
from other localities in an attempt to represent most of 
the morphological variants. In order to note ontogev 
netic changes, well preserved specimens of different 
lengths (and ages), morphologically closely resenv. 
bling the type of the species under study, and from thk 
same locality (preferably the type locality) were select 
for serial sectioning. Because the technique is dcstruc- 
five with the loss of most of the specimen during tint 
grinding procedure, a permanent record of the external 
morphology was obtained by preparing plaster casts 
and several photographic views prior to sectioning, 
The specimens were ground following the technique 
described by Ager (1956, 1965) obtaining parallel sec¬ 
tions with an average interval of 0.05 mm. Using a 
wider interval between succeeding sections can lead to 
the loss or misinterpretation of some important small 
or juvenile internal features, such as the cardinal 
flanges or the dorsal foramen both in the cardinalia or 
the jugal stem in the brachidium (e.g. Figs 1C, 2,3; see 
also Cooper 1983; Baker 1989; Alvarez 1990; Tomas- 
ovych 2006). After treatment of the ground surface 
with diluted hydrochloric acid (5%) and acetone (cf, 
Ager 1965), acetate peels were obtained from each 
section. These peels, which constitute the permanent 
record of the original specimens and partly compen¬ 
sate for the destructive nature of the technique, were 
studied with transmitted light as if they were thin sec¬ 
tions, giving valuable information on the microstore- 
ture and the pattern of shell growth of these structures. 
The sections were enlarged and drawn using a stereo¬ 
scopic microscope (WILD M5) with a camera lucida 
(e.g. Figs 2, 3), and finally conveniently archived in the 
Palaeontological collections of the Department of Ge¬ 
ology of the University of Oviedo. 

Serial sections perpendicular to both the symme¬ 
try and the commissural planes (transverse sections) 
have provided most of the information on the inter¬ 
nal structures of the athyridide brachiopods from the 
Devonian of the Cantabrian Mountains (e.g. Alvarez 
1990: figs 40-44, 63-65. 75-77, 112-114. 118-121, 

126-128). Complementary information was obtained 
from sections parallel to the symmetry plane and 
perpendicular to the commisural plane (longitudinal 
sections) and from others perpendicular to the sym¬ 
metry plane but parallel to the commissural plane 
(tangential sections). Longitudinal and tangential 
sections were very useful, for example, while testing 
the presence of cardinal flanges and dorsal foramen 
in adult Plicathyris equertvi (Alvarez 1990: figs 66 
& 67), Hexarhytis undata (Alvarez 1990: fig. 122), 
and Anathyris phalaena (Alvarez 1990: fig. 129). 
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Fig. 2. Selected transverse serial sections illustrating the development of the cardinalia of adult Pachiplax transvesa 
Alvarez & Brunton, 1990 A-G (DP021154), Brimethyris snbcoricentrica (Verneuil & Archiac, 1845) 11-0 (DPO17831), 
Hexarhytis bonarensis Alvarez, 1990 P-V (DP023839), Plicathyris ezquerrai (Verneuil & Archiac, 1845) W-BB 
(DPO 19444), Anathyris phalaena (Phillips. 1841) CC-GG (DP02448I), and Plicathyris alejensis (Comte, 1938) HH-NN 
(DP02I926), all from the Early Devonian (upper Etnsian) of the Cantabrian Mountains (NW Spain) [DP021154, 17831, 
23839 & 19444 from Colic, Leon (Loc. 121 of Alvarez 1990); DP02448! front Ferraries, Asturias (Loc. 35); DP021926 
from Aleje, Leon (Loc. 132)], Dorsal foramen clearly seen in D, K, S & Y. In the cardinalia of the adult (gerontic?) specimen 
off? alejensis sectioned, the posterior ends ofbilobed and well developed cardinal flanges are shown in section II; the 
flanges join posteromedially leaving a narrow cavity between them and the hinge plate (section KK; compare with 7E. J and 
8A-F) that could be taken as a dorsal foramen, but it extends postcro-anteriorly, subparallel to the commissural plane as it 
does the hinge plate, and not dorsoventrally connecting, as it does the dorsal foramen, the dorsal umbonal cavity to the pos- 
teroventral surface of the hinge plate. Adapted from Alvarez (1990). Distances were measured in mm from the posterior end 
of the shell. (Scale bar 1 mm). 









62 


FERNANDO ALVAREZ & C. HOWARD C. BRUNTON 



Fig. 3. Selected tangential serial sections, parallel to the commissural plane, illustrating the development of the cardina. 
lia of adult Plicathyris ezquetrai (Verneuil & Archiac, 1845) (DP019442), from the Early Devonian (upper Enisian) of the 
Cantabrian Mountains (NW Spain) (from Colic, Leon; Loc. 121 of Alvarez 1990), Section A is ventral to section I. Both 
cones of spires, and the cardinalia, with cardinal flanges (sections C-E) and dorsal foramen (section 11) are shown. Adapted 
from Alvarez (1990). Distances were measured in mm from ventral valve. (Scale bar 1 mm). 


Athyridide shell interiors obtained by etching blocks 
of limestone 

For decades the late G. Arthur Cooper and the late Ri¬ 
chard E. Grant carried out an enormous amount of 
work on the Permian ofTcxas that has left us a monu¬ 
mental monograph as well as tin excellent and im¬ 
mense collection of invertebrate fossils (e.g. Cooper 
& Grant 1976). Similar work, but at a much reduced 
scale, was carried out by one of us (Brunton 1966, 
1968. 1984) in the Lower Carboniferous of Northern 
Ireland and by the late Richard E. Grant (1976) in the 
Permian of Southern Thailand. In all these studies 
limestone blocks were etched in dilute hydrochloric 
acid and the residues were scrutinized, commonly in 
water, under a binocular microscope to avoid the loss 
of minute, juvenile valves. The number of valves re¬ 
covered by these treatments was very large, composed 
ol hundreds of individuals of the different species rep¬ 
resented, by wide ranges in size from well preserved 
minute juvenile specimens hardly ever seen by the 
normal methods of field collecting. Wide variation of 
valve sizes allowed the study of ontogenetic changes 
to the dorsal internal characters such as the cardinalia 
and spiralium (see Brunton etal. 1996; Alvarez 1999). 
Unfortunately, silicified valves recovered by acid di¬ 


gestion are very fragile, difficult to handle, and in¬ 
complete silicification can be misleading when trying 
to understand complicate morphologies or while com¬ 
paring with those present in calcareous specimens of 
the same or related species. In addition, the cardinal 
structures studied in calcareous fossils seem to have a 
more bizarre appearance than similar structures stud¬ 
ied in related but silicified specimens, so hindering 
easy comparisons. Whatever the problems, silicified 
dorsal valves recovered by acid treatment have been 
very useful in the study of the cardinalia, and its on¬ 
togenetic and intrapopulational variation, observed in 
species of Devonian Pachyplax , Carboniferous Lamel- 
losathyris , Carboniferous and Permian Cleiothyridina, 
and Permian Compositei and Spirigerella. 

METAMORPHOSIS OF THE CARDINALIA 
The terminology 

Definition of the terminology used is the first and cru¬ 
cial step in any discussion. The use of few and well de¬ 
fined morphological terms is essential in any 
phylogenetic approach. As Brunton ct al. (1996) wrote 
‘different techniques used to obseire internal stive- 
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/%. 4. Ventral views of silicified dorsal valves of cleiothyridines of different sizc/age showing considerable variation in 
the size and shape of all components of the cardinalia: dental sockets, inner socket ridges, outer hinge plates, hinge plate, 
and dorsal foramen. A-K. Cleiothyridina seriuta Grant, 1976, Permian (Cisuralian, Kungurian), Southern Thailand 
(Phangnga (?), USNM locality 9270), USNM 486331, 497424. 497430-497438. L. C. deroysii (Reveille, 1835), 
Mississippian (Visean), Fermanagh (Northern Ireland), BB63464. M-O. C. fimbriata (Phillips, 1836) Mississippian 
(Visean), Fermanagh (Northern Ireland). BB62976 (M-N), BB6345I (O). (A, adapted from Brunton et al. 1996; B, adapted 
from Alvarez & Rong 2002). All SEM photographs. (Scale bar I mm). 


lures as the dorsal cardinalia have contributed to a 
multiplicity of morphological terms, many of which are 
synonyms, that are misleading for comparative pur¬ 
poses and can play havoc when erecting databases 
and constructing ciadograms'. Brunton el al. (1996; 
see also Williams et al. 1997) define the main struc¬ 
tures of braehiopod cardinalia, and reduced the number 
of terms commonly used in the literature by identify¬ 
ing homologous structures in different taxa and by sug¬ 
gesting terms that were suitable in most braehiopod 
groupings (the Athyridida included). The morphologi¬ 


cal terms recommended by Williams & Brunton (1997) 
were used in the athyridide diagnoses for the Revised 
Edition of the Braehiopod Treatise (Alvarez & Rong 
2002; Alvarez & Copper 2002) and in this paper. 

Cardinalia variability 

Evidence from serial sections prepared from differ¬ 
ently sized (= growth stages) articulated specimens 
of 20 athyridoid species from the Devonian of the 
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Fig. 5. Anterior views of the interior of two silicified, articulated, but incomplete shells showing elements of cardinalia 
and articulatory structures. In both specimens, the close fit of the cardinalia between the almost parallel dental plates, and 
the dorsal opening of the dorsal foramen, posteriorly in the dorsal umbo, can be seen. Cleiothyridina seriala Grant, 1976, 
Permian (Cisuralian, Kungurian), Southern Thailand (Phangnga (?), USNM locality 9270), USNM 497425 (adapted from 
Alvarez & Rong 2002). B. Pachyplax gyralea Alvarez & Brunton, 1990, Early Devonian (upper Emsian) of the Cantabrian 
Mountains (Piedras Blancas, Asturias; Loc. 24 of Alvarez 1990) (NW Spain), DPO 25012 (adapted from Alvarez 1990). 
SEM photographs. (Scale bar I mm). 


Cantabrian Mountains (a selection of enlarged draw¬ 
ings taken from some of these specimens were illus¬ 
trated in a previous paper, Alvarez 1990), and from 
the valves of different silicified Permian specimens 
of Cleiothyridina seriala Grant, 1976 all extracted 
from limestones supposedly coming from the same 
locality and similar stratigraphic level, shows that 
considerable variation is present within most of those 
species in the size and shape of all constituents of the 
cardinalia (Figs 4A-J, 5A). For example, the shape of 
the dental sockets, the length and shape of the outer 
hinge plates, the ventral or postcroventral amount of 
growth of the inner socket ridge, the length and rela¬ 
tive position of the hinge plate, and the size and 
shape of the dorsal foramen are rather variable. The 
foramen, which was observed in all growth stages of 
C. seriala , appears in some shells, posteriorly en¬ 
larged by action of the paired diductor muscles (Fig. 
4A, D, J; and Brunton ct al. 1996; Alvarez & Rong 
2002). The outer hinge plates, which commonly are 
reduced and difficult to distinguish from the inner 
socket ridges in Devonian Pachyplax (Figs 5B, 6A- 
E), become wide and ventrally concave in many adult 
C. seriala, wherein the inner socket ridges are prom¬ 
inent, commonly posteroventrally directed, and 
somewhat resembling rudimentary cardinal flanges 
(Fig. 4A-J; Alvarez & Brunton 1990a; Brunton ct al. 
1996). Similar variations were observed in the cardi¬ 
nalia of Carboniferous Cleiothyridina deroysii, fre¬ 


quently with wide outer hinge plates and a large 
dorsal foramen (e.g. Fig. 4L), and C.fimbriata com¬ 
monly with a small dorsal foramen (Fig. 4M-0). 

Some changes were also observed in the cardina¬ 
lia during ontogeny. For example, the relatively low 
and light cardinalia of juvenile specimens of Carbon¬ 
iferous Lamellosathyris lamellosa and Permian C. 
Jimbriala, Composita crassa and C. ajjinis develop 
into a rather thick and high cardinal plate, perforated 
only by a very small foramen (e.g. Figs 4M, 7A) that 
appeared to have become completely overgrown or 
filled by secondary shell, late in ontogeny (Figs 40, 
7B-M). At the posterior end of the thick cardinal plate 
commonly present in adult shells of Permian C. crassa 
Cooper & Grant, 1976, C. ajjinis Girty, 1909 and 
Spirigerella derbyi Waagen, 1883, cardinal flanges 
grew exaggeratedly and in a posteroventral direction. 
These have on its ventral surface well developed and 
serrated myophores, the site of attachment for the di¬ 
ductor muscles, which thrust deeply into the ventral 
umbo (Figs 7B-M, 8A-F). These elevated flanges arc 
commonly confined posteriorly on the hinge plate, but 
in some Carboniferous Cleiothyridinafimbriata (Phil¬ 
lips, 1836) and Lamellosathyris lamellosa (Leveille, 
1835) (see Brunton 1984; Brunton el al. 1996) diduc¬ 
tor myophores spread over most of the ventral surface 
of a reduced but heavily thickened cardinal plate (Figs 
40,7A). In some adult (gerontic?) valves of Devonian 
plicathyridines (Fig. 9A, B, D), Carboniferous Clei- 
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Fig. 6. Different views of silicified dorsal valves of 
Pachyplax gymlea Alvarez & Brunton, 1990, of different 
size/age showing variation in the size and shape of cardina- 
lia. Early Devonian (upper Emsian) of the Cantabrian 
Mountains (Piedras Blancas, Asturias; Loc. 24 of Alvarez 
1990) (NW Spain). A-B, E, ventral views; C, anteroventral 
view, D, lateroventral view showing Undifferentiated elongate 
dorsal muscle scars medially divided by low myophragm (A, 
D), cardinal flanges and dorsal foramen (A-E). (A, 
DPO250I5; B, DPO25017; C-E, DP0250I3)(A, C, adapted 
from Alvarez & Brunton 1990a; B, D-E, adapted from 
Alvarez 1990). All SEM photographs. (Scale bar 1 mm). 


oihyridina and Permian Spirigerella the flanges be¬ 
came united into a single and posteriorly placed 
structure which, in same specimens, have paired di- 
ductor pits (e.g. Figs 8A, B, 9D). These prominent 
flanges also aided articulation by overhanging the 
posterior ends of the sockets and in scaling the poste¬ 
rior valve margin by curving ventroposteriorly into the 
ventral beak cavity. A functional relationship between 
the development of prominent flanges and an increas¬ 
ing convexity in the umbonal areas of both dorsal and 
ventral valves was observed in these fossil species. 
Similar ontogenetic changes were also observed in the 
cardinalia of the Recent terebratuloid Grypkus vitreus 
(Born, 1778) (Alvarez & Brime unpub. data) while 
studying materials for the recently published mono¬ 
graph (Alvarez & Emig 2005) on the Recent brachio- 
pods of the Ibero-balearie coasts (Fig. 10). 

Evidence from serial sections shows that consid¬ 
erable variation is also present in the cardinalia of 
most of the plicathyridine species studied (sec Alva¬ 
rez 1990. 2003), and that morphological changes sim¬ 
ilar to those observed in the above Carboniferous and 
Permian species, were also observed in the cardinalia 
of some plicathyridine species during their ontogeny. 
For example, young Early Devonian Plicathyris ale- 
jensis (Comte, 1938), Analhyris phalaena (Phillips, 
1841), A. inflatei Alvarez, 1990 and Frasnian species 
of Anathvrella commonly have a triangular to subrec- 
tangular cardinal plate which is perforated by a varia¬ 
bly sized dorsal foramen, and there are moderately 
developed cardinal flanges (e.g. Fig. 9E). Adult 
(gerontic?) specimens of the same species have a 
thicker, subquadrate, ventrally concave cardinal plate, 
with cardinal flanges strongly developed and with 
serrated myophorcs facing ventrally and projecting 
deep into the dclthyrial cavity carrying the diductor 
bases into the ventral umbo (e.g. Fig. 9A-D). As in 
stratigraphically younger taxa, in these Devonian spe¬ 
cies the dorsal foramen commonly appears to have 
become completely overgrown or filled by secondary 
shell late in ontogeny (e.g. Figs 2CC-NN, 9A, B, D). 
This information, however, is difficult to prove; some 
adult Analhyris specimens, which in transverse serial 
sections or in ventral view's of disarticulated dorsal 
valves, seem to have the dorsal foramen completely 
overgrown. However, longitudinal sections show a 
narrow but continuous and posteriorly located “tube”, 
intruding the posteroventral region of a thickened car¬ 
dinal plate (e.g. Fig. 9C) suggestive of a partially 
sealed foramen. 

In the ideal case of having sufficient well pre¬ 
served specimens of different sizes and ages it would 
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Fig. 7. Variably orientated views of silicified dorsal valves of different size/age showing considerable variation in the 
size and shape of components of the cardinalia. A. Ventral, slightly ventrolateral, view of a rather thick and high cardinal 
plate of adult Lamellosathyris lamellosa (Leveille, 1835) perforated only by a very small foramen, Mississippian (Visean), 
Fermanagh (Northern Ireland), BB63399 (adapted from Brunton ct al. 1996). B-E. Compuxila crass a Cooper & Grant, 
1976 from the Permian ofTexas (Road Canyon Formation at its type locality. Road Canyon; USNM 7l9x), showing cardi¬ 
nalia w ith well developed cardinal flanges elevated posteroventrally from the cardinal plate. Broken crura can bee seen in C 
on the right. B-C. Ventral and lateroventral views, USNMI53009h. D. Enlarged view of w ell preserved serrated myophores 
on the cardinal flanges, USNM485990. E. Posterior view of the dorsal umbo shoving prominent cardinal flanges, 
USNM485991. (B, D, E, adapted from Brunton ct al. 1996). F-M. ComposUa affinis Girty, 1909 from the Permian ofTexas 
(Bell Canyon Formation, Lamar Member at Lamar locality; USNM 738). F-G. Ventral view of two cardinalia showing well 
developed cardinal flanges with serrated myophores, USNM497438 & USNM497439. 11-M, ventral (II). lateroventral 
(I'M), lateral (K), posteroventral (J) and posterior (L) views of adult (gerontic?) specimen (USNM497440) show ing the 
deep cardinal plate with posteriorly laterally confined cardinal flanges that grew strongly in a posteroventral direction to 
carry the well developed and serrated myophores deeply into the ventral umbo. All SEM photographs. (Scale bar 1 mm). 
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Fig. 8. Variably orientated views of two silieificd dorsal 
valves of Spirlgerellti derbyi Waagcn, 1883 from the 
Kalabagh Member or basal Chidur (Permian: Guadalnpian, 
Capitanian, or Lopingian. Wuchiapingian), in the Khisor 
Range of the Salt Range. Pakistan (see Grant 1976). A. 
Dorsal interior viewed ventrally and tilted showing the 
paired diductor myophores surrounded by a strong and con¬ 
tinuous cardinal flange, USNM212890 (Grant 1976; photo¬ 
graphs courtesy of the late R.E. Grant). C-F. ventral, slightly 
anteroventral. lateral and posterolateral views of the thick 
cardinalia with its well developed, posteriorly confined, car¬ 
dinal flanges that grew exaggeratedly and in a posterovcn- 
tral direction (E. F); a small and noil-penetrative median pit 
can be seen on the ventral surface of cardinal plate (C, D), 
USNM 212886. C-F, SEM photographs. (Scale bar 1 mm). 


be possible to study similar intraspccific and ontoge¬ 
netic variations in other athyridide groups. For ex¬ 
ample, it seems likely that the massive, subquadrate 
cardinal plate with strongly developed serrated car¬ 
dinal flanges, projecting deeply into the dclthyrial 
cavity typical of most Triassic diplospirellids, such 
as Oxycolpella and Majkopella, passed a juvenile 
stage in which the cardinal plate was lighter, more 
subtriangular, with less well developed myophores or 
cardinal flanges, and which may have been pierced 
apically by a small dorsal foramen. Unfortunately, 
lack of appropriate material prevented the present 
authors from studying the possible variation in the 
cardinalia of these Triassic diplospirellids 

DISCUSSION 

As in other later rhynchonelloids, in the athyridoids 
outer hinge plates grew between the inner socket 
ridges and the growth traces of the paired crura. From 
the crural bases, and commonly parallel to the com¬ 
missural plane, more or less developed inner hinge 
plates extend medially. In hyattidinins (as in some 
retziidines) the inner hinge plates do not meet medi¬ 
ally (Fig. 1IA-C). In all other athyridoids the inner 
hinge plates are well developed and commonly undif¬ 
ferentiated medianly, forming a single hinge plate 
(e.g. Figs 1A-B, 2-9). Typically, the hinge plate of 
earlier athyridides is perforated posteromedially by a 
hole connecting the dorsal beak chamber to its ventral 
surface (e.g. Figs 2D, K, S, Y; 311, 4A-0; 6A-E). This 
dorsal foramen possibly allowed the diductor muscles 
to pass from the dorsal beak to the ventral valve floor 
(cf. Cooper & Grant 1976; Alvarez & Brunton 1990b; 
Brunton ct al. 1996; sec also the discussion in Dagys 
1974 and Grunt 1989). In general, it is commonly ad¬ 
mitted that during the evolution of athyridides the 
dorsal ends of the diductor muscles probably migrated 
from the dorsal beak floor (the typical position in ju¬ 
venile and stratigraphically older species) via the dor¬ 
sal foramen to the hinge plates (cf. Alvarez & Brunton 
1990b; Brunton et al. 1996). Dorsal adjustor muscles, 
that were situated initially between the inner socket 
ridges, spread onto variously disposed hinge plates as 
these grew. In stratigraphically younger taxa, such as 
Permian Composita and Spirigerella, the adult diduc¬ 
tor muscles attached to the posterior region of the 
hinge plate where exaggerated bilobed cardinal 
flanges grew' at the posterior end of their much thick¬ 
ened cardinal plates (Figs 7B-M, 8A-F). This general 
trend is in agreement with the information we have at 
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Fig. 9. Different views of the eardinalia of diverse plicathyridines of the Early Devonian (upper Entsian) of the 
Cantabrian Mountains (NW Spain). A. B, D, E ventral views of the eardinalia of adult (gerontic?) specimens of Plicathyris 
alejensis (Comte. 1938) (A) DPO22280 (from El Millar. Leon; Loc. 93 of Alvarez 1990); Anathyris phalaena (Phillips. 
1841) (B) DPO25038 & (D) DP025037 (from Ferrones, Asturias; Loc. 35); Anathyris inflata Alvarez, 1990(E) DP024496 
(from Ferrones, Asturias; Loc. 36) showing thick medially vcntrally concave eardinalia, (A, B, D), with paired diductor niy- 
ophore surrounded by strong and unified cardinal flange (D); the hinge plate of A. inflata is clearly pierced apically (E). C, 
lateral view of a medianly broken dorsal valve (natural longitudinal section) showing a small tube (dorsal foramen) connect¬ 
ing the dorsal beak chamber to the postcro- ventral surface of a vcntrally concave hinge plate. DPO24590 (from Zorrina. 
Asturias; Loc. 42). All SEM photographs. (Adapted from Alvarez 1990). (Scale bar I mm). 


present, but we must admit that, unfortunately, in the 
literature no reference is commonly made to the de¬ 
gree of variability to be expected within the eardinalia 
of a single population or species, nor to the signifi¬ 
cance that knowledge of such variation might have on 
taxonomic considerations and conclusions. 


Rather similar cardinal structures seem to have 
evolved independently and repeatedly in different ath- 
yrid groups. Thus, it seems clear that to establish phyl¬ 
ogenetic relationships based solely on any particular 
character (important or as useful as it may seem to be) 
is dangerous, as similarities in some morphological 
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Fig. 10. Cardinal process variation in Recent Gryphus vitreus (Bom, 1778) from the Balearic Islands (Spain). A-C, E-l 1, 
K. M, posterior views; D. antcroventral; L, lateral view showing changes during ontogeny. I, J. posterior views, of a cardinal 
process with the dorsal ends of the diduetor muscles still attached to its rugose W-shaped, posteriorly directed, myophores. 
(A, MNCN16/96; B, MNCN17/115; C. MNCNI/1; D-E, MNCNI7/116; F, MNCN17/117; G. MNCN10/88; II, MNCN1/3; 
I-J, MNCN 12/91; K, MNCN8/86; L-M, MNCN8/85). (Scale bar 1 mm). 
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A - B - C 


Fig. II. Ventral views of the cardinalia of two specimens of Hyatticlina congesta (Conrad, 1848) Silurian, Ludlow; New 
York, USA) (A, 11420, adapted from Alvarez & Brime, 2000; B, USNM 497423, adapted from Alvarez & Rong 2002) and 
one specimen of Pwzyaga hirstita (Hall, 1857) (Middle Devonian, Givetian; New York, USA) (C, 11716, adapted from 
Alvarez & Brime 2000), in which the inner hinge plates do not meet medially. (Scale bar 1 mm). 


characters could be accounted for by convergent or 
parallel evolution (see Alvarez 2003) and, thus, do not 
represent a real phylogenetic relationship (see Alvarez 
& Carlson 1998; and discussion therein). 

The use of phylogenetic methodology in conjunc¬ 
tion with traditional methods (with good knowledge of 
the morphology, anatomy, structure, variability, ontog¬ 
eny, and temporal and geographical distribution) pro¬ 
vides a more complete and easily testable picture of 
brachiopod evolution than either method used alone 
(e.g. Alvarez ct al 1998; Alvarez & Carlson 1998; Al¬ 
varez & Rong 2002). One has to be aware that phylo¬ 
genetic diagnoses and data bases commonly rely on 
only a few adult specimens; that intraspccific and on¬ 
togenetic variants (the study of variations in morpho¬ 
logical features in time and space) arc hardly ever 
considered or included; that information on variability 
may hinder phylogenetic comparisons, and that those 
homeomorphic parallel lineages with different origins 
are not easily recognisable. In addition the configura¬ 
tion of important structures of interest in analyses, even 
though only superficially known, in less than 50% (the 
brachio-jugal system) and 20% (the cardinalia) of the 
genera commonly considered to be athyridides. As a 
result generic and suprageneric assignments of many 
brachiopod groupings, including the Athyridida, have 
been and commonly remain subjective and partly spec¬ 
ulative. It is easier to prepare groupings based on simi¬ 
lar, often only superficially, morphologies than to 
determine ancestry and clear lineages. 

Although much excellent descriptive work has 
been published since the first edition of the Treatise 
in 1965 (see Alvarez 2006, and papers quoted 
therein) a wider knowledge of the variation present 
in time and space of the internal, as well as external, 
structures and a re-evaluation of the taxonomic 
boundaries for athyridides and other rhynchonelloid 


brachiopods constitute challenges and possible di¬ 
rections of research in the future. 
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THE ENS COLLECTION: A SYSTEMATIC STUDY OF BRACHIOPODS 
FROM THE LOWER PERMIAN V0RINGEN MEMBER, 

KAPP STAROSTIN FORMATION, SPITSBERGEN 
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Angiouni, L. & Long, S. L„ 2008. The ENS Collection: A systematic study of brachiopods from the 
Lower Permian Varingen Member, Kapp Starostin Formation, Spitsbergen. Proceedings of the 
Royal Society of Victoria 120(1): 75-103. ISSN 0035-9211. 

Twenty-two species from nineteen brachiopod genera arc described. They represent a collection of 
Permian brachiopods housed at the Natural History Museum of London and collected by the joint English, 
Norwegian and Swedish (ENS) Expedition in 1939 at Skansen (Billefjorden, Spitsbergen) from the Vorin- 
gen Member of the Kapp Starostin Formation. The generic position of many species erected at the end of 
the eighteenth century and at the beginning of the nineteenth century are addressed and discussed and two 
new genera, Aivhboldevia n. gen. and Bruntonia n. gen, are erected. The former is represented by Arch- 
boldevia intpressa (Toula, 1875) and differs from the allied genus Yakovlevia Fredericks, 1925 by its non 
geniculate valves, large ears, the absence of auricular spines and of symmetrically placed thick ventral 
spines, and by its ventral musculature. The second, with type species Bruntonia maynci (Dunbar, 1955), is 
erected to include arctic species very similar to Horridonia Chao, 1927, but lacking ventral hinge spines 
and showing different dorsal internal characters. 

The brachiopods of the ENS collection suggest a late Artinskian to Kungurian age for the Voringen 
Member; they strongly correlate with coeval fauna from Central Alaska, the Canadian Arctic, northeast 
Greenland, Pechora and the Urals in Russia. 


Key words ; Museum collections, systematic descriptions, Aivhboldevia n. gen., Bruntonia ti. gen., Artinskian-Kungurian. 


NEIL Archbokl used to say 'Every time / visit a Pal¬ 
aeontological Museum to study the collections, / am 
pleasantly surprised by new discoveries A study of 
collections, although nowadays this is sometimes a 
neglected activity, remains an invaluable tool in sys¬ 
tematic revisions and in improving the knowledge of 
fossil groups. In our case we benefited from the dis¬ 
covery of a very interesting collection of Permian 
brachiopods from the main island of Spitsbergen in 
the archipelago of Svalbard, the ENS collection. 
Sampled by a joint English, Norwegian and Swedish 
Expedition in 1939 - from which it derived the name 
ENS, it has never been studied or described in detail. 
During the expedition large collections of Devonian 
vertebrates w'ere made (Foyn & Ileintz 1943), with 
additional samples of plants and invertebrates, 
among which were brachiopods. 

The ENS collection of brachiopods comprises 
about 200 specimens belonging to twenty-two spe¬ 
cies from nineteen genera of which two are new gen¬ 
era. In recent years much attention has been devoted 
to the age and biozonation of the brachiopods from 
Spitsbergen (Nakamura et al. 1987, 1990, 1992; 
Stemmerik 1988; Nakrem et al. 1992), but no effort 
has been made to improve their classification at ge¬ 


neric or higher levels. This paper sets out to address 
and discuss the generic position of many species 
erected at the end of the eighteenth century and at 
the beginning of the nineteenth century and to clarify 
their relationships among debated tribes, such as the 
Yakovleviini Waterhouse, 1975 and the Horridoniini 
MuirWood & Cooper, 1960. 

THE ENGLISH NORWEGIAN SWEDISH 
EXPEDITION TO SPITSBERGEN 

The ENS Expedition to Spitsbergen was planned by 
Erik Helge Osvald Stensio of the Swedish Museum 
of Natural History of Stockholm. Documents in the 
archives at the Natural History Museum (London) 
Library (file DF107/16) and in the Palaeontology 
Department record the planning and collaborative 
agreements made. The trip included three scientists 
from each country with the exception of the UK 
which sent four (E. I. White, J. A. Moy-Thomas, J. 
Brough and W. N. Croft). Stensio visited the British 
Museum (Natural History) in March 1939 to plan the 
trip, the meeting notes state that the trip was planned 
to start on 1 July 1939 and finish no later than the 
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Fig. 1. Sketch map showing the location of the fossilif- 
erous locality sampled by the ENS expedition in central 
Spitsbergen. 

first week of September. Also set out was what trans¬ 
port, personal equipment, scientific equipment (in¬ 
cluding guns, as Polar bears had been sighted in the 
field area), and packaging for transporting the speci¬ 
mens would be required. Stensio requested that pro¬ 
visions such as sweets, biscuits, tobacco and tea 
‘enough for the British party’ be purchased in the 
UK. The receipts for provisions are preserved in the 
Palaeontology Department and show that 16LAlbs of 
China tea and I2lbs of Ceylon tea were purchased to 
keep the British parly going! The plan was to travel 
to Iceljord for no less than 15 days, where the team 
would camp in three groups, followed by a trip to the 
Wijdc Bay region (where the teams would split up as 
before) and then if there was sufficient time the team 
would continue to Sassen Valley, continuing SE from 
the Sasscnfjorden (Fig. 1). 

The group set out from Tromso on 30 June 1939. 
Sporadic letters between E. I. White, W. N. Croft and 
Edwards the Keeper of Geology at the British Mu¬ 
seum record what day to day life was like on the ex¬ 
pedition and some description of the fossils being 
collected - sadly none refer to brachiopods. The trip 


was unfortunately curtailed for the British contin¬ 
gent, the impending declaration of war meant they 
were to return to the UK on 22 August 1939 (Patter¬ 
son 1990). The 1939 report to the Trustees of the 
British Museum records that all the material col¬ 
lected was in Stockholm. This was in line with the 
original agreement that all the collected material be 
sent to one place and then divided between the three 
countries by picking in turn. Whilst several publica¬ 
tions appeared about the vertebrate collections, the 
brachiopods collected by this expedition have re¬ 
mained undescribed. 


AGE OF THE BRACHIOPODS OF 
THE V0R1NGEN MEMBER, 

KAPP STAROST1N FORMATION 

Permian brachiopods from Svalbard are known from 
the monographs of Toula (1874, 1875), Wiman 
(1914), Frebold (1937). Stepanov (1937), and Gob¬ 
bet (1964), and come from four different lithostrati- 
graphic units ranging in age from the Early Permian 
to the Middle Permian, according to the most recent 
and reliable biostratigraphic review of Nakrem ct al. 
(1992). 

Brachiopods in the ENS collection were collected 
at Skansen, Billefjordcn (Fig. I) from the Voringen 
Member (previously named Spirifer Limestone) of 
the Kapp Starostin Formation, and correspond almost 
perfectly in specific composition with the assem¬ 
blages described by Gobbet (1964) from the same 
lithostratigraphic unit. They comprise the following 
species Neochonetes (Neochonetes) sp. ind.. Anemon- 
uria pseudohorrida (Wiman, 1914), Archboldevia 
impressa (Toula, 1875), Thamnosia arctica (Whit¬ 
field, 1908). Bruntonia maynci (Dunbar, 1955), Brun- 
tonia rudis (Dunbar, 1955), Bruntonia givnulifem 
(Toula, 1875), Tityrophoria sp. ind., Kochiproductus 
cf. K. plexicostatus Dunbar, 1955, Waagenbconcha 
(Waagenoconcha) sp. ind., Linoproductus sp. ind., 
Kuvelousia weyprechti (Toula, 1874), Arctitreta cf. A. 
kempei (Andersson in Wiman 1914), Stenoscisma 
spitzbergiana (Stepanov, 1937), Fascicidatia striat- 
oplicata (Gobbet, 1964), Spirijerella keillmvii (von 
Buch, 1846), Spiriferella loveni (Diener, 1903), Erid- 
matus sp. ind.. Timaniella aff. T. magniplica Abramov 
& Grigoryeva, 1988, Phricodothyridinae gen. ct sp. 
indet., Tumarinia cf. T. wimani (Gobbet, 1964), Pscu- 
dosyringothyris borealis Gobbet. 1964. 

The Voringen Member has been given a Kungu- 
rian (Early Permian) age by Nakamura et al. (1987, 
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1990, 1992) based on their brachiopod biozonation. 
This biozonation was however disputed by Stern- 
merik (1988) who suggested that it has no strati¬ 
graphic significance, being strongly controlled by 
ecological changes. Stemmerik (1988) agrees with 
an Early Permian age for Voringen Member, but in¬ 
dicates an early Tatarian (= Capitanian-early Wuchi- 
apingian) age for the upper part of the Kapp Starostin 
Formation. 

Based on bryozoans. conodonls, palynomorphs 
and small foraminifers Nakrem et al. (1992) and Na- 
krent (1994) suggest a late Artinskian-Kazanian (= 
upper Middle Permian) age for the Kapp Starostin For¬ 
mation and a late Artinskian-Kungurian age for its 
basal Voringen Member. The age indicated by Nakrem 
et al. (1992) is robust and reliable data being based on 
several biostratigraphic groups, particularly on cono- 
donts which are the tools on which the Permian chron- 
ostratigraphic scale isbased. Curiously, notwithstanding 
the robust set of data presented by Nakrem et al. (1992) 
and all previous authors, which argue for the absence 
of the uppermost Permian in Spitsbergen, Wignall et 
al. (1998) suggest that the Late Permian and P/T transi¬ 
tion is there complete, based on chemostratigraphy and 
the occurrence of a fungal 'spike'. 

The study of the brachiopods of the ENS collec¬ 
tion strongly supports the previous age assignment 
by Nakamura et al. (1987. 1990, 1992) and Nakrem 
et al. (1992) and suggests that that the brachiopods 
of the Voringen Member arc late Artinskian to Kun- 
gurian. They strongly correlate with the brachiopods 
described from the base of the Takhandit Formation 
(East-Central Alaska) by Brabb & Grant (1971) 
which is late Artinskian to Wordian in age and with 
the faunas of the Assistance Formation of the Cana¬ 
dian Arctic, the Mallemuk Mountain Group of north¬ 
east Greenland, the Artinskian-Kungurian of Pechora 
and of the Urals in Russia. 


SYSTEMATIC DESCRIPTIONS 

All the described specimens are housed in the Natu¬ 
ral History Museum of London (NHM BD12910- 
13089) and field numbers of the Svalbard Expedition 
1939 are 420,422,423. The systematic study follows 
the classifications of Brunton et al. in Williams et al. 
(2000) for the productids and orlhotetids, of Savage 
et al. in Williams et al. (2002) for the rhynchonellids 
and of Carter et al. in Williams et al. (2006) for the 
spiriferids, to which reference is made for supra- 
order classification. 


Order PRODUCT1DA Sarycheva & Sokolskaya, 1959 
Suborder CHONET1DINA Muir-Wood, 1955 
Superfamily C'HONETOIDEA Bronn, 1862 
Family RUGOSOCHONETIDAE Muir-Wood, 1962 
Subfamily RUGOSOCHONETINAE Muir-Wood 1962 

Genus Neoclionctes Muir-Wood, 1962 

Subgenus Neoclionctes (Neochonetes) 
Muir-Wood, 1962 

Type species. Chonetes dominus King, 1938 from the 
Pennsylvanian of Texas. 

Neochonetes (Neochonetes) sp. ind. 

Fig. 2A 

Material. One ventral valve (BD13069). 

Description. Large sized slightly convex valve with 
subrectancular outline. No distinct sulcus is present, 
but a median flattening occurs anteriorly. Ornamen¬ 
tation of capillac numbering 7 per 2 mm at 5 mm 
from the umbo and about 3-4 per 2 mm at the ante¬ 
rior margin and of hinge spines. 

Discussion. The state of preservation of this single 
ventral valve prevents any specific assignment. I low- 
cver, based on the general shape, capillation and ab¬ 
sence of a distinct sulcus it may be ascribed to the 
subgenus Neochonetes (Neochonetes) Muir-Wood 
1962. Large capillate chonetids with a shallow sul¬ 
cus from Spitsbergen (Gobbet 1964) and Alaska 
(Brabb & Grant 1971) have been described as Cho- 
netina superba Gobbet, 1964. However, these cho¬ 
netids are not smooth and do not have the strongly 
convex ventral valve and deep sulcus of the genus 
Chonetina Krotow, 1888, therefore we consider them 
better placed in the genus Neochonetes. 

Suborder PRODUCTIDINA Waagcn, 1883 
Superfamily PRODUCTOIDEA Gray, 1840 
Family PRODUCTELLIDAE Schuchert. 1929 
Subfamily MARGINIFERINAE Stehli, 1954 
Tribe PAUC1SPINIFERINI 
Muir-Wood & Cooper, 1960 

Genus Anemonaria Cooper & Grant, 1969 

Type species. Anemonaria inflata Cooper & Grant, 
1969 from the Lower Permian of Texas. 
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Anemonaria pseudohorrida (Wiman, 1914) 

Fig. 10G 

Productus horridus -Toula 1875: 232, pi. 4. fig. 2a-d. 
Productus pseudohorridus Wiman 1914: 74, pi. 17, 
figs 1-11. 

Sowerbina pseudohorrida - Fredericks 1936: 98, 
pi. 1, figs 18-21. 

Productus (Horridonia) pseudohorridus Frebold 
1937:23, pi. 10, figs 3-4. 

Marginifera involute Tschernyschew, 1902 - Frebold 
1937:40, pi. 10, figs 1-2. 

Productus (Horridonia) pseudohorridus - Stepanov 
1937: 120, 176, pi. 5, figs 5-7. 

Productus (Marginifera) suhlaeviss King, 1931 - 
Stepanov 1937: 137. 179, pi. 2, figs 1-2, pi. 5, 
figs 8-10. 

Productus (Horridonia) pseudohorridus? - Licharew 
& Einor 1939: 54, 206, pi. 10, figs 4-5. 
Liosotelkipseudohorrida - Solomina 1960: 38, pi. 5, 
figs 1-4. 

Liosotella pseudohorrida - Gobbet 1964: 62, pi. 3, 
figs 27-34. 

Horridonia pseudohorrida Barkhatova 1970: 133, 
pi. 3, fig. 3. 

Liosotella pseudohorrida - Brabb & Grant 1971: 15, 
pi. I, figs 1-5, 18-20. 

Liosotella pseudohorrida Stehli & Grant 1971: 510, 
pi. 62, figs 18-20, 24-26; pi. 63, figs 29-34. 
Anemonaria pseudohorrida - Sarytchcva 1977: 120, 
pi. 17, figs 4, 5, pi. 18, figs 1-4, text-figs 71, 
72. 

Anemonaria pseudohorrida - Nakamura ct al. 1992: 
78. 

Material. One ventral valve (BDI3064). 

Description. Ventral valve convex with subrectangu- 
lar outline and extended ears. Ventral sulcus deep. 
Spines in rows at the base of the flanks and with a 
few scattered on venter. The specimen is exfoliated 
and does not show any trace of ribbing. 

Discussion. Even though it is represented by a single 
ventral valve, this species is very distinctive and as 
outlined by Brabb & Grant (1971) it has a well cho¬ 
sen specific name, at a first glance resembling a ju¬ 


venile of the Horridoniini. Having only faint ribs on 
the trail and a smooth dorsal valve with concentric 
lamellae, it is better included in the genus Anemon¬ 
aria Cooper & Grant, 1969 as suggested by Shi & 
Waterhouse (1996), than in Liosotella Cooper. 1953. 

Subfamily PLICATIFERINAE Muir-Wood & 
Cooper, 1960 

Tribe YAKOVLEVIIN1 Waterhouse, 1975 
Archboldevia n. gen. 

Type species. Productus impressus Toula, 1875 from 
the Permian of Spitsbergen. 

Etymology. In honour of the late Neil Archbold. 

Diagnosis. Large, concavo-convex valves, not genic¬ 
ulate, with a shallow corpus. Both valves finely cos- 
tellate; spines along ventral hinge only; interior of 
ventral valve with narrow adductors set on a ridge 
which is medianly sulcate and surrounded by large, 
flabellate, strongly impressed and longitudinally stri¬ 
ated diductor scars. 

Discussion. Provisionally placed in the genus Yakov- 
levia Fredericks, 1925 by Stepanov (1937). Muir- 
Wood & Cooper (I960) and Gobbet (1964), the 
arctic species P. impressus Toula, 1875 is in fact rep¬ 
resentative of a new taxon, the genus Archboldevia n. 
gen. The erection of a new genus based on the spe¬ 
cies impressus is deemed necessary, based on the 
material in this collection, and especially since we 
now have a better understanding of the genus Yakov¬ 
levia, to which Muirwoodia Licharew, 1947 has been 
synonomised (Shi & Waterhouse 1996; Brunton et 
al. in Williams et al. 2000). 

Archboldevia n. gen differs from Yakovlevia in 
its non geniculate valves, subquadrate outline and 
large ears, the occurrence of thin spines only along 
the ventral hinge, the absence of auricular spines and 
of symmetrically placed thick ventral spines, the ab¬ 
sence of a transverse band with tubercles along the 
external surface of the ginglymus, its ventral muscu¬ 
lature, its short lateral ridges which do not separate 
the ears from the corpus. The genus Yakovlevia is 
also present in the Lower-Middle Permian succes- 


Fig. 2 (at left). A, Neochonetes (Neachonetes) sp. ind., ventral valve, specimen BD 13069, x 1. B-.l, Archboldevia im- 

pressa (Toula, 1875). B-D: ventral, posterior and lateral views of a ventral valve, specimen BD 13058; E-H: lateral, ventral, dorsal 
and anterior views of an articulated shell, specimen BD 13057; I -.1: dorsal and ventral views of a dorsal valve, specimen B D13060; 
K-L, Kuvelousia weyprechti (Toula, 1874). K: dorsal valve, specimen BD13067; L: ventral valve, specimen BD13068. 
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sion of Spitsbergen, although it is not recorded in the 
ENS collection. Two specimens (B85019, B17989) 
of Yakovtevia duplex (Wiman, 1914) from the Lam- 
ont collection are illustrated here (Fig. 2N-Q) to 
demonstrate the difference between the genera and 
to support the validity of Archboldevia n. gen. 

In his revision and morphofunctional interpretation 
of the evolutionary trends in the Tribe Yakovleviini, La¬ 
zarev (1996) recognized a reduction of the corpus cav¬ 
ity, a flattening of the lophophore and a progressively 
backward displacement of spines in genera from the 
Carboniferous to the Permian. This was correlated to a 
backward displacement of the boundary between the 
main and tine peripheral cavities in order to provide an 
increase of the protective functions of the shell during 
water exchange with the environment. In Lazarev's 
model, inhalant currents entered antero-latcrally, and 
the exhalant current exited anteriorly along the plane of 
symmetry, the two flows being separated by tubercles, 
the median sulcus and thick external spines. In the 
Lower-Middle Permian genus Yakovlevia and in the 
upper Lower Permiun-Middle Permian Archboldevia n. 
gen. the peripheral cavity was maximized anteriorly 
and anterolateral ly, but greatly reduced postero-later- 
ally. In Archboldevia n. gen. the internal differential 
shell thickening and the marginal ridges (both clearly 
seen in Wiman 1914: pi. 19, figs 22, 26) provide a pro¬ 
tective function and separation of the inhalant and exha- 
lent current flows so that the thick spines on the lobes 
(which occur in Yakovlevia) where suppressed. Arch¬ 
boldevia n. gen. thus represents the final product of the 
evolutionary trends recognized by Lazarev (1996). 

Composition of the genus. Archboldevia impressa 
(Toula, 1875) from the Voringen Member of the 
Kapp Starostin Formation of Spitsbergen. 

Archboldevia impressa (Toula, 1875) 

Fig. 2B-J; Fig. 3A-B 

Productus impressus Toula 1875: 236, pi. 5, fig. la-c. 
Productus impressus - Wiman 1914: 76, pi. 18, figs 7 
9; pi. 19, figs 22-27. 

Productus impressus - Stepanov 1936: 119, pi. 3, 
fig. 2. 

Productus (Jakovlevia?) impressus - Stepanov 1937: 
174, pi. 3, figs 8-9. 


Productus (Linoproductus?) impressus - Frebold 
1937: pi. 9, figs 1-2. 

Yakovlevia impressa - Gobbett 1964: 114, pi. 14, 
figs 1-4. 

Yakovlevia impressa - Nakamura et al. 1992: 78, 
pi. 1, fig. 2. 

Material. Two articulated shells (BD12940, BDI3057); 
31 ventral valves (BDI29KM2939. BD13058); 4 dor¬ 
sal valves (BD 12941-12942, BD 13060-13061); 7 dor¬ 
sal valve external casts (BD12943-12948, BD13059). 

Description. Large, concavo-convex non geniculated 
valves with subquadrate outline, very shallow corpus 
cavity and thick shell substance. Ears large, flattened, 
triangular, not particularly demarcated from corpus. 
Ventral valve with large and low umbo, ginglymus 
and long recurved trail. Ventral sulcus shallow, start¬ 
ing on the disk and widening anteriorly. Ornamenta¬ 
tion of fine costellac numbering about 10-12 per 5 
mm at 10 mm from the umbo and thin spines along 
the hinge. Dorsal valve regularly concave with low 
fold anteriorly and costellatc ornamentation. 

Interior of ventral valve with narrow adductor 
scars set on a elongate oval ridge which is divided by a 
median groove and surrounded by large flabcllate di- 
duetor scars; these are strongly impressed, longitudi¬ 
nally striated and delimited by irregular ridges. 
Anterior to the muscle scars, differential thickening of 
the shell seems to have provided a separation of the 
depressed antero-lateral inhalant currents from the el¬ 
evated median exhalant flow (Wiman 1914: pi. 19, 
figs 22-23). Interior of dorsal valve with sessile trifid 
cardinal process and short lateral ridge; visceral disc 
surrounded by marginal ridges. Brachial ridges kid¬ 
ney-shaped; a low and thin median septum may ex¬ 
tend anteriorly. Internal surface with endospines. 

Family PRODUCTIDAE Gray, 1840 
Subfamily PRODUCTINAE Gray, 1840 
Tribe RETARI1NI Muir-Wood & Cooper, 1960 
Genus Thamnosia Cooper & Grant, 1969 
Type species. Thamnosia anterospinosa Cooper & 
Grant, 1969 from the Lower Permian of Texas. 

Thamnosia arctica (Whitfield, 1908) 

Fig. 3F-I; Fig. 4A-D 


Fig. 3 (at right). A-B, Archboldevia impressa (Toula, 1875. A: dorsal valve external cast, specimen BD 13059; B: ven¬ 
tral view of a dorsal valve, specimen BD 13061. C-E, Yakovlevia duplex (Wiman, 1914). C-D: ventral and dorsal views of an 
articulated shell, specimen BI7989; E: ventral valve, specimen B85019. F-I, Thamnosia arctica (Whitfield. 1908), lateral, 
antero-ventral, posterior and ventral views of a ventral valve, specimen BD 13080. 
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Productus semireticulatus arcticus Whitfield 1908: 

54, pi. 1, fig.2, pi. 2, figs 8-10. 

Productus bolivieitsis d’Orbigny - Wiman 1914: 63, 
pi. 13, figs 7-10. 

Productus aivticus - Stepanov 1936: 115, pi. I, figs 1-4. 
Productus arcticus - Stepanov 1937: 113, pi. 1, 
figs 9-10. 

Costinifena (sic) arctica - Gobbet 1964: 91, pi. 9, 
figs 2-6, text-fig. 15. 

Thamnosia cf. T. arctica - Brabb & Grant 1971: 14, 
pi. 1, figs 36-39, 45. 

Thamnosia cf. T. arctica - Stehli & Grant 1971:511, 
pi. 62, figs 1-14. 

Thuleproductus arcticus - Sarytcheva & Waterhouse 
1972: 510, pi. 7, fig. 9, pi. 8, figs 4-5. 
Thuleproductus arcticus - Sarytcheva 1977: 74, 
pi. 7, fig. 68, text-figs 44, 45. 

Material. Twenty-three ventral valves (BD12959- 
12979, BD13079-13080); lOdorsal valves (BD 12980- 
12990, BD13081). 

Description. Large for genus, concavo-convex genicu- 
lated shell with elongated outline. Ears usually broken 
off but, when preserved are large and enrolled. Ventral 
valve with triangular visceral disc and long trail with 
subparallel flanks. A narrow median sulcus starts at 
about 10 mm from the umbo and remains constant in 
width to the anterior margin. Ornamentation of ribs 
crossed by rugae on the disc. Ribs number 8-9 per 10 
mm on the trail. Spines, generally 1 mm in diameter, 
form thick clusters on the cars, on the posterolateral 
slopes and a band anteriorly on the trail. Dorsal valve 
with flat visceral disc and sharply geniculated trail. A 
low median fold is present anteriorly on the disc and 
on the trail. Ornamentation of ribs, rugae and spines 
finer than the ventral ones, denser on trail anterior to 
geniculation. Interior of ventral valve with elongate 
adductor set on a median platform; diductors longitu¬ 
dinally striated extending slightly anteriorly to adduc¬ 
tors. Interior of dorsal valve with ear baffles which 
continue from cardinal ridges and separate the ears. 

Discussion. The species Productus arcticus Whitfield, 
1908 has been placed in the genus Thuleproductus by 
Sarytcheva & Waterhouse (1972) chiefly on the basis 
of its large size, extended and enrolled ears and less 


numerous and more evenly distributed spines. How¬ 
ever, Thuleproductus was considered a junior syno¬ 
nym of Thamnosia by Brunton et al. in Williams ct al. 
2000. In fact, the dimensions, the extension of ears 
and the density of spines have been shown to vary 
among the different species of Thamnosia. Thamnosia 
arctica is close to T. phragmophora Cooper & Grant, 
1975 from the Word Formation of West Texas, as al¬ 
ready outlined by Cooper & Grant (1976). Thamnosia 
spinosa Shi & Waterhouse, 1996 from the lower Sak- 
tnarian of Yukon is more transverse, with a shallower 
sulcus and more numerous spines. 

Subfamily LEIOPRODUCT1NAE Muir-Wood & 
Cooper, 1960 

Tribe HORR1DONIINI Muir-Wood & Cooper, 1960 
Genus Bruntonia n. gen. 

Type species. Sowerbina maynci Dunbar, 1955 from 
the Middle Permian of Greenland. 

Etymology. In honour of Howard Brunton. 

Diagnosis. Similar to Horridonia but thick shelled 
and lacking ventral hinge spines. Dorsal spines along 
hinge and between one to three on the ears. Interior 
of dorsal valve with quadrifid bilobed cardinal proc¬ 
ess raised on short lateral ridges and thickened pos¬ 
terior platform containing raised adductors. 

Discussion. The new genus is erected to include arc¬ 
tic species very similar to Horridonia Chao, 1927, 
but lacking ventral hinge spines and showing differ¬ 
ent dorsal internal characters. These species have 
been previously attributed both to Horridonia (Gob¬ 
bet 1961, 1964; Stepanov 1961; Logan 1966) and to 
Sowerbina (Dunbar 1955; Saryeheva 1977; Water- 
house 1982; Shi & Waterhouse 1996), the two genera 
being separated on the false assumption that the type- 
species of Sowerbina. Productus timanicus Stucken- 
berg, 1875, lacked ventral hinge spines. However, as 
clearly commented by Muir-Wood & Cooper (I960) 
the original illustrations of Stuckenberg (1875) show 
a row of spines along the margin of the ventral valve. 
In the revision of the Treatise, Brunton et al. in Wil¬ 
liams et al. (2000) considered Sowerbina a possible 
junior synonym of Horridonia. 


Fig. 4 (at right). A-D, Thamnosia arctica (Whitfield, 1908). A-C: ventral, anterior and lateral views of a ventral valve, 
specimen BD 13079; D: ventral view of a dorsal valve, specimen BD 13081. H-H Tityrophoria sp. ind., posterior and ventral 
views of a ventral valve, specimen BD 13062. G, Kochipmductus cf. K. plexicastatus Dunbar. 1955, ventral valve, specimen 
BD13071. H, Arctitreta cf. A. kempei (Andersson in Wiman 1914), dorsal valve, specimen BD 13066.1-L, Linoproductus sp. 
ind., lateral and posterior views of a ventral valve, specimen BD 13070. 
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The need to find a separate taxon for the arctic 
specimens has been outlined since Dunbar (1955) 
who erected the two species maynci and nidis and 
later by Logan (1966) who decided to place all the 
arctic species in Horridonia gramdifera (Toula, 
1875). Despite the ongoing problems about the spe¬ 
cific position(s) of the arctic specimens, the generic 
attribution was not further discussed until 1980 when 
Ustrisky included Dunbar's species maynci and nidis 
in his new Horridoniini genus Burovia with type spe¬ 
cies B. selanderensis Ustrisky, 1980. Bitmvia lacks 
ventral hinge spines and is characterized by dense 
rows of spines on the ventral valve, thick clusters of 
spines on dorsal ears, a quadrifid cardinal process 
and strong marginal ridges extending anteriorly, as 
well as coarse pustules ornamenting its surface. Pus¬ 
tules are not considered to be reliable taxonomic 
characters varying significantly intra- and interpe- 
cifically. For instance they are rare and small on 
Bruntonia maynci (Dunbar, 1955), Bruntonia rudis 
(Dunbar, 1955) and Bruntonia bullocki (Nelson & 
Johnson, 1968), but relatively coarser and denser on 
Bruntonia gramdifera (Toula, 1875). Their appear¬ 
ance is also strongly dependent on weathering, usu¬ 
ally causing pits to form on worn surfaces. The 
characters that make Bruntonia n. gen. significantly 
different from Burovia are 1) the spines on the dorsal 
ears which in the former number two, anterolaterally 
directed in the plane on the valve, whereas in the lat¬ 
ter the spines form dense clusters (fig. 324b in Brun- 
ton et al. in Williams et al. 2000); 2) the distribution 
of spines on the ventral valve forming dense rows in 
the latter; 3) the cardinal process which is strongly 
sessile in Burovia, with two clearly separated lobes 
in ventral view; 4) the absence of strong marginal 
ridges in Bruntonia n. gen., but the occurrence of a 
thickened posterior platform which include the ad¬ 
ductor scars. 

To the same tribe belongs the genus Tityrophoria 
Waterhouse in Barnber & Waterhouse, 1971, which 


is characterized by a deep ventral sulcus, by few 
coarse spines on the ventral valve and by the absence 
of dorsal spines. 

Composition of the genus. Bruntonia maynci (Dun¬ 
bar, 1955) from the Lower-Middle Permian of the 
Arctic, Bruntonia rudis (Dunbar, 1955) from the 
Lower-Middle Permian of the Arctic, Bruntonia bul - 
locki (Nelson & Johnson, 1968) from the Early Per¬ 
mian of the Arctic, Bruntonia gramdifera (Toula, 
1875) from the Middle Permian of the Arctic. 

Bruntonia maynci (Dunbar, 1955) 

Fig. 5A-G; Fig. 6A-C, F-G; Fig. 7A-C 

Productus timanicus Stuckcnberg, 1875 - Wiman 
1914; 75, pi. 17, figs 19-21; pi. 18, figs 1,3- 
6; not fig. 2. 

Productus timanicus - Frebold 1931: pi. 2, figs 1-5. 
Productus (Horridonia) timanicus - Frebold 1937: 
21, pi. 7, fig. 2. 

Sowerbina maynci Dunbar 1955: 97, pi. 13 figs 1-5, 
not figs 8-9, text-fig. 20. 

Horridonia timanica Gobbet 1961: 46, pi. 4, figs I, 
3, not figs 2,4, pi. 5, figs 1-4, 6. 

Horridonia borealis (Haughton, 1858) - Stepanov 
1961: pi. 10, figs 1.2, not fig. 5. 

Horridonia timanica - Gobbet 1964: 94, pi. 10, 
figs 1-2, 4. Not fig. 3. 

Horridonia gmnulifera - Logan 1966: 204, text-fig. 2. 
Horridonia gramdifera - Nelson & Johnson 1968: 
725, pi. 92, figs 1-6. 

Horridonia gramdifera - Brabb & Grant 1971: 15, 
pi. 1, figs 46-47. 

Horridonia timanica - Nakamura et al. 1992: 78, 
pi. 1, fig. 5. 

Horridonia maynci ■ Nakamura et al. 1992: 81, pi. 3, 
figs 4, 6. 

Burovia nutynei (sic) Brunton et al. in Williams et 
al. 2000: 480, fig. 324d. 


Fig. 5 (at right). A-G, Bruntonia maynci (Dunbar, 1955). A-D: ventral, dorsal, anterior and posterior views of an ar¬ 
ticulated shell, specimen BB48142; E-G: ventral, dorsal and posterior views of an articulated shell, specimen BD13077. H- 
1, Bruntonia gramdifera (Toula. 1875), ventral and dorsal views of an articulated shell, specimen BB48130. .1, Bruntonia 
rudis (Dunbar. 1955), dorsal valve, specimen BD13076. 

Fig. 6 (page 86). A-C, F-G, Bnmlonia maynci (Dunbar. 1955). A-C: dorsal, ventral and anterior views of an articulated 
shell, specimen BB48143; F-G: ventral and dorsal views of a dorsal valve, specimen BB48099. D-E, Bruntonia gmnulifera 
(Toula, 1875), ventral and dorsal views of an articulated shell, specimen BB48I53. H-l, Stenoscisma spitzbagiana (Stepanov, 
1937). H: dorsal view of an articulated shell, specimen BD13005:1: dorsal view of an articulated shell, specimen BDI3004. 

Fig. 7 ( page 87). A-C, Bruntonia maynci (Dunbar, 1955). A: ventral valve, specimen BD13078: B-C: dorsal and ventral 
views of a dorsal valve, specimen BB48097. D-l, Bruntonia nidis (Dunbar, 1955). D-F: ventral, anterior and dorsal views of 
an articulated shell, specimen BD13075; G-I: posterior, ventral and dorsal view of an articulated shell, specimen BB48137. 
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Material. Three articulated shells (BB48142, BB48143, 
BB48150) from Conway, Garwood and Gregory Col¬ 
lection; one articulate shell (BD13077) from ENS Col¬ 
lection; 5 ventral valves(BB48131, BB48133, BB48141, 
BB48146, BB48148) from Conway, Garwood and Gre¬ 
gory Collection; 6 ventral valves (BDI2952-12956, 
BUI3708) from ENS Collection; 18 dorsal valves 
(BB48097, BB48098, BB48099, BB48103-48118) 
from Conway, Garwood and Gregory Collection; 2 dor¬ 
sal valves (BD12957-12958) from ENS Collection. 

Description. Plano-convex shell with deep corpus and 
transverse subrectangular outline and extended trian¬ 
gular ears. Ventral valve convex with a narrow median 
sulcus starting from the umbonal region. Ornamenta¬ 
tion of faint concentric lines, scattered spines on the 
ventral corpus, low oblique ridges along the cardinal 
margin in correspondence of the dorsal spines. Low' 
ribs may occasionally develop anteriorly on the trail. 
Rare, minute and irregularly distributed pustules may 
occur on the ventral valve. Dorsal valve with flat vis¬ 
ceral disc, strongly geniculated anteriorly. Dorsal fold 
narrow and low. Ornamentation of concentric lamel¬ 
lae and spines: 1) in row along the hinge, postero-lat- 
crally directed; 2) two coarse spines on the cardinal 
extremities, antero-laterally directed. 

Interior of dorsal valve with massive, sessile, 
quadrifid bilobed cardinal process, bilobate anteri¬ 
orly and supported by short lateral ridges; adductor 
scar dendritic with rhombic to oval outline, bisected 
by a prominent median septum extending for all the 
length of the disc; brachial ridges forming nearly 
closed loops anteriorly to the raised and thickened 
posterior platform; endospines. 

Discussion. Most of the arctic species described as 
granulifera or timanica belong in fact to Bruntonia 
maynci (Dunbar, 1955) which appears to be a large 
distinctive species in the Lower-Middle Permian. 
Well described by Dunbar (1955), it is characterized 
by its large size, transverse subrectangular outline 
with relatively deep sulcus, scattered spines on ven¬ 
ter, ribs absent or faint and two auricular spines on 
dorsal valve. 

A few specimens, such as that named P. timani- 
cus represented by Wiman (1914: pi. 18, fig. 2) and 


that named Horridonia borealis figured by Stepanov 
(1961: pi. 10, fig. 5) show more than 3 auricular 
spines on the dorsal valve, which appear to be also 
covered by small spines. These have been excluded 
from the genus Bruntonia. A belter understanding 
and illustration of the genus Bumvia is required to 
assess if they should be assigned to it. This is also 
supported by the discovery of a very thick shelled 
(upto I cmofshellthickness)Horridonini(BD12551, 
12552, 12553) from the Middle Permian Miseryfjel- 
let Formation of Bjornovya (southernmost island of 
Svalbard) collected by Taylor in 1985, which show a 
quadrifid cardinal process, dense fine spines cover¬ 
ing the dorsal valve and more than two auricular 
spines on the ears, along with dense rows of spines 
on the ventral valve and it is probably a representa¬ 
tive of Burovia. 

Bruntonia rudis (Dunbar, 1955) 

Fig. 5J; Fig. 7D-I; Fig. 8D-L 

Sowerbitta rudis Dunbar, 1955: 101, pi. 14, figs 1-7, 
pi. 15, figs 1-6, text-fig. 21. 

Horridonia timanica - Gobbet 1961: 46, pi. 4, 
fig. 2. 

Material. Three articulated shells (BB48132, BB48137, 
BB48147) from Conway, Garwood and Gregory Col¬ 
lection; one articulate shell (BDI3075) from ENS Col¬ 
lection; 2 ventral valves (BD12949-12950) from ENS 
Collection; 3 dorsal valves (BB48100, BB48101,48102) 
from Conway, Garwood and Gregory Collection; 2 dor¬ 
sal valves (BD 12951, BDI3076) from ENS Collection. 

Description. Plano-convex shell with deep corpus 
and subrectangular outline with well defined and ex¬ 
tended ears. Ventral valve strongly arched, with a 
deep median sulcus starting from the umbonal region 
and widening anteriorly. Ornamentation of faint con¬ 
centric lines, one to three rows of spines along each 
of the ventral humps, low oblique ridges along the 
cardinal margin in correspondence of the dorsal 
spines. Low ribs develop anteriorly on the trail. 
Minute and irregularly distributed pustules occur 
rarely on the ventral valve. Dorsal valve with flat 
elongate subrectangular visceral disc, geniculated 


Fig. 8 (at left). A-B, F-ll, Fasciculatia striatoplicata (Gobbet, 1964). A: ventral valve, specimen BDI3073; B: dor¬ 

sal valve, specimen BDI3074; F; ventral valve, specimen BD130I3; G-H: ventral and dorsal views of an internal mould of 
an articulated shell, specimen BDI3088. C, Timaniella atT. T. magniplica Abramov & Grigoryeva, 1988, ventral valve, 
specimen BDI3072. D-E, Twnarinia cf. T. wimani (Gobbet, 1964). D: partially decorticated ventral valve, specimen 
BD 13018; E: ventral interarea top left of a ventral valve of Fasciculatia striatoplicata, specimen BDI3020. I-L, Bruntonia 
rudis (Dunbar, 1955), dorsal and ventral views of a dorsal valve, specimen BB48101. 
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anteriorly. Dorsal fold narrow, but distinct. Orna¬ 
mentation of concentric lamellae and spines: 1) in 
row along the hinge, postero-laterally directed; 2) 
two coarser spines on the cardinal extremities, an- 
tero-laterally directed. 

Interior of dorsal valve with massive, sessile, 
quadrifid cardinal process supported by short lateral 
ridges; adductor scar dendritic with rhombic to oval 
outline, bisected by a prominent median septum ex¬ 
tending for all the length of the disc; brachial ridges 
forming nearly closed loops anteriorly to the raised 
and thickened posterior platform; endospines. 

Discussion. Bruntonia rudis (Dunbar, 1955) differs 
from B. maynci by its more arched and elongate sub- 
rectangular outline, more extended and enrolled ears 
which arc well differentiated from the flanks, fewer 
spines on the ventral humps, ribs on the ventral trail 
and a thicker shell substance. 

Close to B. rudis is Bruntonia bullocki (Nelson 
& Johnson, 1968) which is smaller, more strongly 
enrolled and elongate with smaller ears and one or 
rarely two auricular ear spines. 

Bruntonia granulifera (Toula, 1875) 

Fig. 5H-I; Fig. 6D-E 

Productus horridus Sowerby var. granuliferus Toula 
1875: 232, pi. 6, fig. 3a-c. 

Sowerbina maynci Dunbar 1955: pi. 13, figs 8-9. 
Sowerbina granulifera - Dunbar 1962: pi. I, figs 
6-7. 

Productus horridus Sowerby var. granuliferus Toula 
- Gobbet 1961: pi. 5, fig. 13a-c. 

Horridonia granulifera - Nakamura et al. 1992: 78. 

Material Two articulated shells (BB48130, BB48153) 
from Conway, Garwood and Gregory Collection; 2 
ventral valves (BB48148, BB48149) from Conway, 
Garwood and Gregory Collection. 

Description. Concavo convex shell with subquadrate 
outline and relatively small triangular ears. Ventral 
valve slightly convex with deep sulcus. Ornamentation 
of concentric lines and scattered spines on the venter 
and no spines at the hinge. Ventral surface covered by 
dense minute pustules. Dorsal valve concave with low 
fold anteriorly. Ornamentation of concentric lamellae 
and spines: 1) in row along the hinge, postero-laterally 
directed; 2) one or two auricular spines. 


Discussion. Dunbar (1962) and Logan (1966) recog¬ 
nized the distinctiveness and validity of Toula's spe¬ 
cies, but the second author included in its synonymy 
the species maynci and rudis which in fact are very 
different. The problem in using Toula’s specific name 
relates to the fact that it was based on juvenile speci¬ 
mens and it was less common than the other very 
abundant arctic species. However, when adults of the 
species granulifera do occur, as in the Conway, Gar¬ 
wood and Gregory Collection, they preserve the gen¬ 
eral shape and characters of the juveniles, making 
their determination quite easy. 

Bruntonia granulifera is characterized by the low 
convexity of the ventral valve both in the juveniles 
and in adults, greater number of spines on the ventral 
valve with respect to the other species of the genus, 
and strong pustules on the ventral surface. 

Genus Tityrophoria Waterhouse in Bambcr & 
Waterhouse, 1971 

Type species. Tityrophoria nelsoni from the Lower 
Permian of Yukon Terrirory. 

Tityrophoria sp. ind. 

Fig. 4E-F 

Horridonia timanica - Gobbet 1964: pi. 10, fig. 3. 

Material One ventral valve (BD13062). 

Description. Ventral valve strongly enrolled with 
narrow and prominent umbo and extended, well seg¬ 
regated ears. Median sulcus very deep. Ornamenta¬ 
tion of low concentric rugae and few coarse spines 
on the humps at each side of the ventral sulcus and 
one in the sulcus. Ribs obscure on the worn surface. 

Discussion. The occurrence of the genus Tityropho¬ 
ria is recorded based on this single ventral valve and 
from a ventral valve figured by Gobbet (1964: pi. 10, 
fig. 3) which shows the pronounced sulcus and spine 
pattern characteristic of the genus. 

Subfamily BUXTONI1NAE Muir-Wood & Cooper, 
1960 

Tribe BUXTON11N1 Muir-Wood & Cooper, 1960 

Genus Kochiproductus Dunbar, 1955 

Type species. Productus porrectus Kutorga, 1844 
from the Lower Permian of Russia. 
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Kocliiproductus cf. K. plexicostatus Dunbar, 1955 
Fig. 4G 

Material. One ventral valve (BD 13071). 

Description. Large convex valve with anterolateral 
flange. Steep flanks delimiting the subtriangular um- 
bonal region from flattened ears. Median sulcus rela¬ 
tively large and deep. External surface worn showing 
only rugae and elongate spine bases. 

Discussion. The state of preservation of this single 
ventral valve prevents a specific assignment. How¬ 
ever, judging from the better preserved material illus¬ 
trated by Gobbet (1964: 80. pi. 7, figs 1-3) from the 
Voringen Member of Spitsbergen , it is possible that 
these Middle Permian arctic specimens belong to the 
species K. plexicostatus Dunbar, 1955 (109, pi. 17, 
figs 1-6, pi. 18, figs 1-6). This species is character¬ 
ized by elongate spine bases over continuous ribs and 
thus differs from K. porrectus (Kutorga, 1844). 

Superfamily ECHINOCONCHOIDEA Stehli, 1954 
Family ECHINOCONCIIIDAE Stehli, 1954 
Subfamily JURESANIINAE Muir-Wood & Cooper, 
I960 

Tribe WAAGENOCONCHIN1 Muir-Wood & 
Cooper, 1960 

Genus Waagenoconcha Chao, 1927 

Type species. Productus humboldti d’Orbigny, 1842 
from the Lower Permian of Bolivia. 

Waagenoconcha (Waagenoconcha) sp. ind. 

Fig. 10H 

Material. One ventral valve (BD 13063). 

Description. Small valve with subtriangular outline 
and spreading flanks. Ornamentation of quincun- 
cially arranged elongate spine bases decreasing in 
size towards the short trail. 

Discussion. The stale of preservation of this single 
ventral valve prevents any specific assignment. 
Specimens reported by Gobbet (1964) as Waageno¬ 
concha irginae (Stuckcnberg, 1898) from the Vorin¬ 
gen Member are generally larger and have a better 
defined ventral sulcus. 


Superfamily LINOPRODUCTOIDEA Stehli, 1954 
Family LINOPRODUCTIDAE Stehli, 1954 
Subfamily LINOPRODUCTINAE Stehli, 1954 

Genus Linoproductus Chao, 1927 

Type species. Productus corn d’Orbigny, 1842 from 
the Lower Permian of Bolivia. 

Linoproductus sp. ind. 

Fig. 4I-L 

Material. One ventral valve (BD13070). 

Description. Medium sized, convex valve with elon¬ 
gate outline and recurved umbo. Ornamentation of 
thin sub-angular costellae numbering 7-8 per 5 mm 
at 10 mm from the umbo. The costellae are separated 
by wide intercostal troughs and curve around the 
base of spines which are relatively large. Low imper- 
sistent rugae occur on the flanks. 

Discussion. The state of preservation of this single 
ventral valve prevents any specific assignment. How¬ 
ever, it differs from Linoproductus dorotheevi (Fred¬ 
ericks, 1932) from the Lower Permian of the Arctic 
in its coarser and less numerous costellae. 

Subfamily ANIDANTHINAE Waterhouse, 1968a 

Genus Kuvclosia Waterhouse, 1968a 

Type species. Kuvelousia sphiva Waterhouse, 1968a 
from the Middle Permian of the Canadian Arctic. 

Kuvelousia weyprechti (Toula, 1874) 

Fig. 2K-L 

Productus weyprechti Toula 1874: 279, part, pi. 5, 
figs 2-3. 

Productus weyprechti Toula 1875: part, pi. 7, fig. 8d 
only. 

Productus weyprechti Winran 1914: 64, pi. 13, figs 
1 - 6 . 

Productus (Linoproductus'!) weyprechti - Frebold 
1937: 27, pi. 9, fig.4. 

Productus (Linoproductus?) svalbardensis Frebold 
1937:29, pi. 5, figs 1-5. 

Productus (Linoproductus?) svalbardensis - Forbes 
in Forbes et al. 1958: 475. 

Megousia weyprechti - Gobbet 1964: 107, pi. 12, fig 
27-29, pi. 13, figs 1-6. 


92 


LUCIA ANGIOLINI & SARAH L. LONG 


Kuvelousia cf. K. weyprechli - Brabb & Grant 1971: 
15, pi. 1, fig. 21, 

Megousia weyprechli - Sarytcheva 1977: 63, pi. 6, 
figs 1-3, text-figs 36, 37. 

Megousia weyprechli - Nakamura et al. 1992: 81, pi. 
4, fig. 7. 

Material. Four articulated shells (BD12991-12994). 9 
ventral valves (BD 12995-13002, BD13068). 2 dorsal 
valves (BD 13003, BD 13067). 

Description. Medium sized, piano convex shell with 
sub-quadrate outline, deep corpus cavity and laterally 
extended ears ornamented by radiating costellac. Maxi¬ 
mum width at the hinge. Ventral valve strongly recurved 
with shallow median sulcus starting on the disk. Orna¬ 
mentation of fine costellae increasing by bifurcation 
and intercalation and numbering 13-15 per 5 mm ante¬ 
riorly on the trail. Low rugae may be present on the 
Hanks. Dorsal valve geniculate with Hat visceral disc 
and wedge-shaped profile. Dorsal disc crossed by over¬ 
lapping lamellae and ornamented by fine costellae. 

Discussion. Gobbet (1964) has discussed in detail P. 
weyprechli Toula, 1874 selecting the lectotype and 
justifying the inclusion of Productus (Linoproduc- 
tus'l) svalbardensis in its synonymy. As clearly slated 
by Dunbar (1955) and Gobbet (1964). the specimens 
figured as weyprechli by Toula (1875: pi. 6, fig. 2a- 
c), however, are not conspecific with the lectotype, 
but belong to the genus Muirwoodia (= Yakovlevia ). 

Previously considered to belong to the genus 
Megousia Muir-Wood & Cooper, 1960, the species 
weyprechli has been compared to Kuvelousia sphiva 
by Waterhouse (1968a), sharing the same strongly 
arched ventral valve, fine ornamentation and the flat 
wedge-shaped dorsal valve. The genus Notliokuve- 
lousia Waterhouse in Waterhouse and Briggs, 1986 
is considered a junior synonym of Kuvelousia (Brun- 
ton el al. in Williams et al. 2000). 

Gobbet (1964) described two additional Anidanthi- 
nae species as Megousia kulikii? (Fredericks, 1925) and 
Megousia Imrlandi Gobbet, 1964. The former is very 
distinctive having a coarser ornamentation; the latter is 
very close to K. weyprechli having a similar ornamenta¬ 
tion, but is smaller with a shallower sulcus. 

Order ORTIIOTETIDA Waagcn, 1884 
Suborder ORTHOTET1DINA Waagcn, 1884 
Superfamily ORTHOTETOIDEA Waagen, 1884 
Family SCHUCHERTELLIDAE Williams, 1953 
Subfamily STREPTORHYNCHINAE Stehli, 1954 


Genus Arctitreta Whitfield, 1908 

Type species. Arctitreta pearyi Whitfield, 1908 from 
the Permian of Spitsbergen. 

Arctitreta cf. A. kempei (Andersson in Wiman 1914) 
Fig. 4H 

Material. Two ventral valves (BD13008-13009); 3 
dorsal valves (BD 13010-13011, BD 13066). 

Description. Ventral valve subtriangular in outline 
ornamented by fine costellae numbering about 20- 
24 per 10 mm. Dorsal valve convex, with subcircular 
outline. 

Discussion. These poorly preserved specimens may 
be assigned to the common arctic species Arctitreta 
cf A. kempei (Andersson in Wiman 1914) well de¬ 
scribed and illustrated by Wiman (1914: 58, pi. 10, 
figs 22-27, pi. 11, figs 1-10, pi. 12, figs 1-8, pi. 13, 
figs 11-13) and Gobbet (1964: 52, pi. 2, fig. 3). 

Order RHYNCHONELL1DA Kuhn, 1949 
Surperfantily STENOSCISMATOIDEA Oehlert, 
1887 

Family STENOSC1SMAT1DAE Oehlert, 1887 
Subfamily STENOSCISMATINAE Oehlert. 1887 

Genus Stenoscisma Conrad, 1839 

Type species. Terebratula schlottheimii von Buch, 

1834 from the Middle-Upper Permian of Germany. 

Stenoscisma spitzbergiana (Stepanov, 1937) 

Fig. 6H-I 

Camerophoria spitzbergiana Stepanov 1937: 157, 
182, pi. 9, fig. II. 

Camerophoria biplicata Stuckenberg - Frebold 
1950: 67. pi. 16, fig. 3, 3a. 

Camerophoria spitzbergiana - Gobbet 1964: 125, 
pi. 16, figs 4-9, text-fig. 17. 

Stenoscisma spitzbergiana - Brabb & Grant 1971: 
16, pi. 2, figs 29-33. 

Material. Two articulated shells (BD13004-13005). 1 
ventral valve (BD13006). 1 dorsal valve (BD 13007). 

Description. Biconvex shell with triangular outline. 
Ventral valve slightly convex with small, recurved 
umbo perforated by a small foramen. Ventral sulcus 
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starting at mid-length, widening anteriorly and pro¬ 
truding as a tongue. Dorsal valve strongly convex 
with anterior fold. Ornamentation of costae develop¬ 
ing anteriorly to mid-length and numbering 2-3 in 
the ventral sulcus, 3-4 on the dorsal fold and 2-3 on 
each flank. Lateral and anterior margins of valves 
show a broad stolidium. 

Interior of ventral valve with low sessile spond- 
ylium. Interior of dorsal valve has camarophorium 
with strong intcrcamarophorial plate. 

Discussion. Stenoscisma spitzbergiana is very well 
described and figured by Gobbet (1964) based on 
specimens from the Voringen Member of Spitzger- 
gen. The characteristic ornamentation and shape of 
the umbo distinguish this species from other Steno- 
scisma species. It also occurs in both units ofthcTa- 
khandit Limestone of East-Central Alaska (Brabb & 
Grant 1971). 

Order SPIR1FERIDA Waagen, 1883 
Suborder SPIRIFERIDINA Waagen, 1883 
Superfamily SPIRIFEROIDEA King. 1846 
Family TRIGONOTRETI DAE Schuchert, 1893 
Subfamily NEOSPIRIFERINAE Waterhouse, 1968b 

Genus Fasciculatia Waterhouse, 2004 

Type species. Fasciculatia greenlandicus Water- 
house, 2004 from the Middle Permian of Greenland. 

Fasciculatia striatoplicata (Gobbet, 1964) 

Fig. 8A-B, F-H 

Spirifer striatus-plicatus Gobbet 1964: 140, pi. 17, 
figs 7-9; pi. 18, fig. 1. 

Material. One internal moulds of articulated speci¬ 
men (BD13088); 4 ventral valves (BD13012-13014, 
BD13073); I dorsal valve (BD13074). 

Description. Medium size shell with transverse sub- 
rectangular outline and maximum width anterior to 
the hinge. Ventral valve with low, but wide interarea. 
Ventral sulcus shallow widening and deepening ante¬ 
riorly. Lateral flanks broadly plicate, ornamented by 
4 distinct fascicles of equidimensiona! ribs on each 
flank. Each fascicle consists of about 7 ribs in the an¬ 
terior region. The sulcus is ornamented by ribs origi¬ 
nating by bifurcation from the inner pair of fascicles, 
which may enter the sulcus. Dorsal fold high and dis¬ 
tinct, rounded anteriorly. 


Interior of ventral valve with rounded muscle 
field well developed dental plates with thick, slightly 
diverging ventral adminicula. 

Discussion. Based on their broadly plicate and dis¬ 
tinctly fasciculate flanks and on the absence of a 
tegulate micrornamentation, these specimens arc 
placed in the genus Fasciculatia Waterhouse, 2004. 
When erecting the genus, Waterhouse (2004) placed 
it in the Spiriferidae, but its broadly plicate and fas¬ 
ciculate flanks as well as its closeness to Kaninos¬ 
pirifer Stepanov & Kulikov, 1975 suggest it is a 
representative of the Neospiriferinae. Fasciculatia 
strongly resembles Kaninospirifer. differing only by 
its more prominent fascicles, subdued concentric or¬ 
nament and more strongly developed dental plates. 

F. striatoplicata differs from F. greenlandicus Wa¬ 
terhouse, 2004 in having a shallower sulcus and more 
distinct fascicles; and from Kaninospirifer striatopar- 
adoxus (Toula, 1873) by its prominent fascicles. 

Family SP1RIFERELL1DAE Waterhouse, 1968b 
Subfamily SPIR1FERELL1NAE Waterhouse, 1968b 

Remarks. According to Angiolini (2001), genera in 
the subfamily Spirifcrillinae are characterized by a 
wide hinge relatively to shell width and strongly pli¬ 
cate lateral slopes which may be coarsely costate or 
fasciculate. The genus Spiriferella Chernyshev, 1902 
is characterized by plicate lateral slopes which arc 
usually costate; the transverse genus Timaniella 
Barkhatova, 1968 has strong plicae, with costae on 
the inner pairs only; Eridmatus Branson, 1966 shows 
costate to fasciculate plicae. 

Genus Spiriferella Chernyshev, 1902 

Type species. Spirifer saranae de Verneuil, 1845 
from the Lower Permian of Russia. 

Spiriferella keilhavii (von Buch, 1846) 

Fig. 9A-H 

Spiriferella keilhavii (von Buch, 1846) - Waterhouse 
& Waddington 1982: 28, pi. 4, fig. 15; pi. 6, 
figs 3-14; text-figs 16e, g. It, i, 19. Cum 
syn. 

Spiriferella keilhavii Nakamura et al. 1992: 78. 

Material. Nine articulated specimens (BDI3036- 
13043, BD 13084); 14 ventral valves (BD 13044- 
13056, BD 13085); I dorsal valve (BD 13065). 
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Fig. 9 (page 94). A-H, Spiriferella keilhavii (von Buch, 1846). A-B: ventral and posterior views of a ventral valve, 
specimen BD13085; C-G: ventral, posterior, lateral, anterior and dorsal views of an articulated shell, specimen BD13084; 
H: dorsal valve, specimen BD13065. 1-J, Spiriferella loveni (Diener, 1903), ventral and posterior views of a ventral valve, 
specimen BD 13087. 

Fig. 10 (page 95). A, Spiriferella loveni (Diener, 1903), ventral valve, specimen BD13086. B-F, Hridmatus sp. ind. B-D; 
ventral, lateral and dorsal views of an articulated shell, specimen BD 13083; E-F: ventral and dorsal views of an internal 
mould of an articulated shell, specimen BD13082. G, Anemonaria pseudohorrida (Wiman, 1914). ventral valve, specimen 
BD 13064, x I. H, Waagenoconcha (Waagenoconcha) sp. ind., ventral valve, specimen BD 13063, x 1.1, Phricodothyridinae 
gen. et sp. indet., ventral valve, specimen BD13023. 


Description. Large sized, thick shelled species with 
elongate outline and maximum width anterior to the 
hinge. Ventral valve convex with high and strongly re¬ 
curved umbo and wide concave interarea; median sul¬ 
cus deepening and widening anteriorly with “V” 
shaped section and ornamented by a low median costa 
and 12-18 large ribs. Five to six lateral plicae large 
and rounded, separated by distinct interspaces and 
bearing 3 coarse ribs each which may bifurcate into 4- 
5 near the anterior margin. Dorsal fold sharp and high, 
flaring anteriorly, costate and medianly cut by a nar¬ 
row groove. Dorsal lateral plicae angular bearing 3 
ribs each. Micrornamention of concentric lirae and 
minute pustules. 

Interior of ventral valve with divergent dental 
plates buried in the apical callus. 

Discussion. Waterhouse & Waddington (1982) gave 
a detailed synonymy and description of this species 
which characterises the Kungurian-Wordian of the 
Arctic Region. However, they seem to have relied 
only on the characters of the fold of the dorsal valve 
for its identification which, according to their de¬ 
scription, are very variable. Diagnostic characters of 
this species are its large size and strongly costate lat¬ 
eral plicae as well as the high number of ribs orna¬ 
menting its ventral sulcus. 

Spiriferella loveni (Diener, 1903) 

Fig. 9I-J; Fig. 10A 

Spiriferella ?loveni (Diener, 1903) - Waterhouse & 
Waddington 1982; 22, pi. 5, figs 2-17; pi. 6, 
figs 1-2; text-figs 16b, d, f, 17, 18. Cum 
syn. 

Material. Eleven ventral valves (BD 13027—13035; 
BD13086-13087). 

Description. Large species with elongate outline and 
maximum width anterior to the hinge. Ventral valve 
moderately convex with shallow “V shaped” median 
sulcus ornamented by a low median costa and 6-8 


lateral ribs. Ventral interarca wide and concave. Five 
to six lateral plicae, well rounded, separated by dis¬ 
tinct interspaces. Inner pairs of ventral plicae have 3 
low ribs. Dorsal fold high, bearing a large groove 
and 3 ribs on each side. Micrornamention of wavy 
growth lamellae and minute pustules. 

Discussion. Waterhouse & Waddington (1982) dis¬ 
cussed in detail this Middle Permian arctic species 
which was erected by Diener (1903) to replace the 
preoccupied Spiriferparryanus Toula, 1875. Distinc¬ 
tive characters of this large species are the large 
groove on the dorsal fold, the numerous lateral plicae 
ornamented by 3 ribs each and (he relatively low 
number of costal ribs. These features distinguish S. 
loveni from the closely allied S. keilhavii. According 
to Waterhouse & Waddington S. loveni ranges from 
the Kungurian to the Wordian. 

Genus Eridmatus Branson, 1966 

Type species. Spirifer (?Trigonotreta) texanus Meek, 
1871 from the Pennsylvanian of Texas. 

Eridmatus sp. ind. 

Fig. 10B-F 

Material. Four articulated specimens (BD 13024- 
13026, BD13083); 1 internal mould of an articulated 
specimen (BD13082). 

Description. Large for the genus, biconvex with elon¬ 
gate outline. Maximum width at the hinge. Anterior 
commissure uniplicate with distinctive angular fold. 
Ventral valve convex with high and flat to slightly con¬ 
cave intearea with truncate cardinal extremities. Ven¬ 
tral sulcus deep and strongly “V” shaped, ornamented 
by numerous ribs. Lateral flanks plicate and costate. 
Dorsal valve with high and angular fold bearing a nar¬ 
row groove. Lateral flanks with costatc angular plicae. 
Interior of ventral valve with dental plates and elon¬ 
gate, depressed and longitudinally striate muscle field. 
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Micrornamentation of concentric growth lamellae and 
pustules. 

Discussion. These specimens are similar to Eridmatus 
erjakhensis Kalashnikov, 1998 from the Kungurian of 
Russia, but they differ in being larger and more plicate. 
The specimens described as Elivina cordiformis Wa¬ 
terhouse & Waddington 1982 (34. pi. 8, figs 1-7, text- 
fig. 16) from the Kungurian ofYukon Territory seem to 
belong to the genus Eridhiatus based on the shape of 
the sulcus and fold and on the ventral interarea. 

Genus Timaniella Barkhatova, 1968 

Type species. Timaniella festa Barkhatova, 1968 
from the Kungurian of Russia. 

Timaniella aff. T. niagniplica Abramov & 
Grigoryeva, 1988 
Fig. 8C 

Material Three ventral valves (BD 13015-13016, 
BD13072). 1 dorsal valve (BD13017). 

Description. Medium size, transverse shell. Ventral 
valve with deep and wide median sulcus with a me¬ 
dian costa and two lateral ribs. Lateral plicae high, 
rounded, numbering 6-7, generally simple except for 
the inner pairs which may have 2-3 ribs anteriorly. 
Dorsal valve with high sulcate fold, ornamented by 
two ribs. Six lateral plicae, simple. Micrornamenta¬ 
tion of well defined concentric growth lamellae. 

Discussion. These Specimens are characterized by 
simple rounded plicae and deep and wide, poorly 
costate sulcus and thus are similar but not identical 
to Timaniella niagniplica Abramov & Grigoryeva, 
1988 (159, pi. 29, figs 1-3) from the Late Artins- 
kian-Kungurian of Verchoyan which has broader pli¬ 
cae and a narrower, deeper ventral sulcus. 

Superfamily RET1CULARI01DEA Waagen, 1883 
Family ELYTH1DAE Fredericks, 1924 
Subfamily PI IRICODOTHYRIDINAE Caster, 1939 

Phricodothyridinae gen. et sp. indet. 

Fig. 101 

Remarks. The occurrence of one medium sized con¬ 
vex ventral valve (BD 13023) with concentric orna¬ 
mentation and elaborate spines indicate the occurrence 
of a genus of the family Phricodothyridinae. Based on 


the size and broad umbo it may belong to Permophri- 
codothyris Pavlova, 1965. However as internal charac¬ 
ters are not known the determination is left open. A 
similar species has been reported as Permophrico- 
dothyris cf. P. spinosa (Chao, 1929) by Brabb & Grant 
(1971) from the Takhandit Limestone of East-Central 
Alaska. 

Order SPIRIFERIN1DA Ivanova, 1972 

Suborder SP1R1FER1N1D1NA Ivanova, 1972 
Superfamily SYR INGOTH YRIDOIDEA Frederiks, 
1926 

Family LICHAREWIIDAE Sliusareva, 1958 

Genus Tumarinia Solontina & Grigoryeva in 
Grigoryeva & Solontina, 1973 

Type species. Tumarinia orientalis Grigoryeva in 
Grigoryeva & Solontina, 1973 from the Middle Per¬ 
mian of the Kolynta-Omolon Massif NE Siberia. 

Tumarinia cf. T. vvimani (Gobbet, 1964) 

Fig. 8D-E 

Material. Three ventral valves (BD 13018— 13020). 1 
dorsal valve (BD 13021). 

Description. Biconvex shell with maximum width at 
the hinge. Ventral valves with low convexity and rela¬ 
tively high and flat to concave apsacline interarea 
with no pcrideltidial areas. Ventral sulcus deep, start¬ 
ing from the umbo and rapidly widening anteriorly, 
ornamented by faint ribs. Lateral flanks are orna¬ 
mented by about 10 broad simple costae. Dorsal valve 
with a rounded fold rapidly broadening anteriorly and 
ornamented by about 6 faint cosate. Interior of ven¬ 
tral valve with dental plates and a small delthyrial 
plate extending to 'A the length of delthyrium. 

Discussion. Four poorly preserved valves indicate the 
occurrence of a species of the genus Tumarinia in the 
EMS collection. Based on the shape of the sulcus and 
fold, the ornamentation, the small delthyrial plate it ap¬ 
pears to be closer to the species described by Gobbet 
(1964: 171, pi. 23, figs 1-3) as Pseudosyrinx wimani. 

According to Shi & Waterhouse (1996) the genus 
Tumarinia is distributed in the Sakntarian-Kazanian 
of Siberia, Russia and Yukon. The species of Lichare- 
wia described by Gobbet (1964) from the Permian of 
Svalbard probably belong to the genus Tumarinia, 
possessing a delthyrial plate. Close to Tumarinia is 
the genus Yukonella Shi & Waterhouse, 1996 from 
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Fig. 11. A-C, Pseudosyringothyris borealis Gobbet, 1964, ventral, posterior and dorsal views of an articulated shell, 
specimen BD13089. 


the early Artinskian of Yukon which differs only by 
its micrornamentation, the lack of ovarian impres¬ 
sions and shorter adminicula. 

Family SYRINGOTIIRYRIDIDAE Frederiks, 1926 
Family SYRtNGOTHRYRIDINAE Frederiks, 1926 

Genus Pscudosyringothyris Frederiks. 1916 

Type species. Pscudosyringothyris karpinskii Freder¬ 
iks, 1916 from the Lower Permian of Russia. 

Pscudosyringothyris borealis Gobbet, 1964 
Fig. 11 A-C 


Cyrtina septosa Forbes in Forbes et al. 1958: 475. 
Pseudosyringothyris borealis Gobbet, 1964: 174, pi. 
22, fig. 28; pi. 24, figs 1-4. 

Material. One partially decorticated articulate shell 
(BD13089);1 dorsal valve (BD 13022). 

Description. Biconvex shell with very transverse 
outline. Ventral valve pyramidal with high, flat cata- 
cline interarea and large dclthyrium. Perideltidial 
areas probably present. Ventral sulcus smooth, wid¬ 
ening and deepening anteriorly then protruding ante¬ 
riorly as a tongue. Dorsal valve strongly vaulted 
longitudinally with round-topped, smooth fold, wid- 
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ening anteriorly. Flanks ornamented by simple ribs 
numbering about ten at each side of the fold/sulcus. 

Interior of ventral valve with distinct dclthyrial 
plate, widely divergent dental adminicula and char¬ 
acteristic callus, apically forming a solid structure 
under the delthyrial plate which fills the subdelthyr- 
ial cavity. Secondary layer fibers in the callus show 
strong spiral convolutions. The sub-delthyrial cavity 
is very large, whereas the lateral cavities are narrow. 
Interior of dorsal valve with median ridge. 

Discussion. These specimens closely fit with the de¬ 
scription of the species borealis Gobbet, 1964. Serial 
sections through the ventral valve show the character¬ 
istic apical callus associated with the delthyrial plate, 
which is very distinctive and slightly below plane of 
the interarea. The occurrence of a distinct delthyrial 
plate with a characteristic callus underneath confirm 
the attribution of this species to the genus Pseudosy- 
ringothyris. The allied genus CyrteUa Fredericks, 
1924 differs in having a false delthyrial plate simulated 
by a thick callus, as shown by Kalashnikov (1998). 

ACKNOWLEDGEMENTS 

This research was carried out within the frame of 
Synthesys, GB-TAF 2017. We gratefully acknowl¬ 
edge Phil Crabb of the NHM photographic unit for 
the images in the plates. Howard Brunton is warmly 
thanked for his precious advice, revision and encour¬ 
agement to both of us throughout our careers. Monica 
Campi is thanked for her careful revision. Peter Forey 
(Dept of Palaeontology, NHM) and James Hatton 
(Archivist, N1IM) are thanked for their assistance in 
tracing archives related to the ENS Expedition. The 
library of the Norwegian Polar Institute of Tromso 
kindly provided literature to L. Angiolini. 

REFERENCES 

Abramov, B.S., & Grigoryeva, A.D., 1988. Biostrati- 
grafiia i Bmkhiopody Pemii Verkhoyaniia. 
Akadcmiia Nuuk SSSR, Institut Geologii 
Yakutskogo Filiala Sibirskogo Otdeleniia, 
Paleontologicheskii Institut Moscow, 208 pp. 
Angiolini, L„ 2001. Permian Brachiopods from Ka¬ 
rakorum (Pakistan). Pt. 3. Bivista Italiana 
cli Paleontologia e Stratignifia 107(3): 
307-344. 


Bamber, E.W., & Waterhouse, J.B., 1971. Carbon¬ 
iferous and Permian stratigraphy and pal¬ 
aeontology, Northern Yukon Territory, 
Canada. Bulletin of Canadian Petroleum 
Geology 19(1): 29-250. 

Barkhatova, V.P., 1968. Spiriferella, Timaniella, 
Parachoristites. In Novye Vidy Drevnik 
Rastenii I Bespo: Vonochnykh SSSR Part 2, 
Ministertvo Geologii SSSR, Vsesouznii 
Nauchno-lsslcdovatcl'skogo Geologoraz- 
vedochnogo Instituta (VSEGE1), lzdvo 
“Nedra, Moscow, 160-162. 

Barkhatova, V.P., 1970. Biostratigraphy of the Car¬ 
boniferous and Lower Permian in northern 
Timan. Trudy Vsesouznogo Neftianogo 
Nauclmo-Issledovatel skogo Geologorazve- 
dochnogo Instituta (VNIGRI) 283, 228 pp. 

Brabb, E.E., & Grant, R.E., 1971. Stratigraphy and 
paleontology of the revised type section for 
theTahkandit Limestone (Permian) in east- 
central Alaska. U.S. Geological Survey 
Professional Paper 703: 1-23. 

Branson, C.C., 1966. New genus of spiriferid bra- 
chiopod from Oklahoma and Texas. 
Oklahoma Geology Notes 26(3): 74-78. 

Bronn, I LG., 1862. Die Klassen uttd Ordnungen der 
Weichthiere (Malacozoa), 3(1), C. F. 
inter’sche Verlagshandlung, Leipzig & 
Heidelberg, 518 pp. 

von Buch, L., 1834. (Jber Terebrateln, mil einem 
Versuch sie zu classificiren and zu be- 
serheiben. Physicalische Abhandlungen 
Konigliche Akademie fur Wissenchaften 
aus den Jahre 1833, 124 pp. 

von BUCH, L., 1846. Uber Spirifer keilhavi. Abhand¬ 
lungen KaisAkademie fir Wissenchaften 
Berlin (1846), 65-80. 

Caster, K.E., 1939. A Devonian fauna from Colom¬ 
bia. Bulletin of American Paleontology 
24(3): 1-218. 

Chao, Y.T., 1927. Productidae of China, part I: Pro- 
ducti. Palaeontologia Sinica series B 5(2): 
1-192. 

Chao, Y.T., 1929. Carboniferous and Permian spirif- 
erids from China. Palaeontologia Sinica 
series B 11(1): 1-101. 

Chernyshev, T.N., 1902. Die Obcrcarbonischcn 
Brachiopoden des Ural und des Timan. 
Memoires du Comite Geologic/ue 16(2): 
1-749. 

Cooper, G.A., 1953. Brachiopoda. In Permian Fauna 
at El Antimonio, Western Sonora, Mexico, 



100 


LUCIA ANGIOL1NI & SARAH L. LONG 


G.A. Cooper, C.O. Dunbar, H. Duncan, A. 
K. Miller & J.B, Knight, eds, Smithsonian 
Miscellaneous Collections 119(2): 21-82. 

Cooper, G.A., & Grant, R.E., 1969. New Permian 
Brachiopoda from West Texas. Smithso¬ 
nian Contributions to Paleobiology 1: 
1 - 20 . 

Cooper, G.A., & Grant, R.E., 1975. Permian Brachi- 
opods of West Texas. III. Smithsonian Con¬ 
tributions to Paleobiology 19: 795-1921. 

Cooper, G.A., & Grant, R.E., 1976. Permian Brachi- 
opods of West Texas, IV. Smithsonian Con¬ 
tributions to Paleobiology 21:1923-2285. 

Conrad, T.A., 1839. Descriptions of new species of 
organic remains. Second Annual Report on 
the Palaeontological Department of the 
Survey, New York State Geological Survey, 
57-66. 

Diener, C., 1903. Permian fossils of the Central 
Himalayas. Palaeontologia Indica series 
15, 1(5): 1-204. 

Dunbar, C.O., 1955. Permian brachiopod faunas of 
Central East Greenland. Meddelelser am 
Gronland 110(3): 1-169. 

Dunbar, C.O., 1962. Faunas and correlation of the 
late Paleozoic rocks of northeast Green¬ 
land; Part 3, Brachiopoda. Meddelelser om 
Gronland 167(6): 1-14. 

Forbes, C.L., Harland, W.B., & Hughes, N.F., 
1958. Paleontological evidence for the age 
of the Carboniferous and Permian rocks of 
central Veslspitsbergen. Geological Maga¬ 
zine 95: 465-490. 

Foyn, S., & Heintz, A., 1943. The Downtonian and 
Devonian vertebrates of Spitsbergen. VIII. 
The English-Norwegian-Svvcdish expedi¬ 
tion 1939. Geological results. Skrifter Sval¬ 
bard Isliavet 85: 1-51. 

Frebold, H., 1931.Das marine Oberkarbon Ostgron- 
lands. Meddelelser om Gronland 84(2): 
1 - 88 . 

Frebold, H., 1937. Das Festungsprofil auf Spitzber- 
gen, IV: Die Brachiopoden und Lametli- 
branchiatenfauna und die Stratigraphic des 
Oberkarbons und Untcrperms. In Norges 
Svalbardog Ishavs-Unders + kelser. Skifter 
om Svalbardog Isliavet 69: I -94. 

Frebold, H., 1950. Startigraphic und Brachiopodcn- 
fauna dcs Marinen Jungpalaeozoicum von 
Holms und Amdrttps Land (Nordostgron- 
land). Meddelelser om Gronland 126(3): 
1-93. 


Fredericks, G.N., 1916. Paleontological notes. 2. 

On some upper Paleozoic Brachiopoda of 
Eurasia. Memoires du Comite Geologique 
n. s. 156: 1-87. 

Fredericks, G.N., 1924. Paleontological studies. 2: 
On Upper Carboniferous spiriferids front 
the Urals. Izvestyia geologicheskogo 
Komiteta 38(3): 295-324. 

Fredericks, G.N.. 1925. Upper Paleozoic of Ussuri- 
land, II: Permian Brachiopoda of Cape Ka- 
louzi. Material y po Geologii I Poleznym 
Iskopaemim Dal'nego Vostoka 40, 28 pp. 

Fredericks, G.N.. 1926. Classification table of the 
genera of the family Spirifcridae King. 
Akademiia Nauk SSSR Izvestyia series 6 
20(5/6): 393-423. 

Fredericks, G.N., 1932. The Upper Paleozoic of the 
western slopes of the Urals. Glavnogo Ge- 
ologo-Razvedochnogo Upravleniia V.S.K. 
khS.S.S.R. 106,89 pp. 

Fredericks, G.N., 1936. Materials of the Permian 
fauna of Novaya Zemlya. Transactions 
Arctic Institut Leningrad 49: 94-109. 

Gobbet, D.H., 1961. The Permian brachiopod genus 
Horridonia Chao. Palaeontology 4(1): 
42-53. 

Gobbet, D.H., 1964. Carboniferous and Permian 
brachiopods of Svalbard. Norsk Polarinsti - 
tutt Skrifter 127: 1-201. 

Gray. J.E., 1840. Synopsis of the contents of the Brit¬ 
ish Museum. Forty-second edition, British 
Museum, London, 370 pp. 

Grigoryeva, A.D., & Solomina, R.V., 1973. O 
novom rode likharevini (Brakhiopoda) 
Permi Verchoiania i severo-vostoka SSSR. 
Paleontologicheskii Zhurnal 1973(4): 
35-39. 

Haugiiton, S., 1858. Geological notes and illustra¬ 
tions. Reminiscences of arctic ice travel in 
search of Sir John Franklin and his com¬ 
panions, F. L. McClintock. Journal of the 
Royal Society of Dublin 1: 239-250. 

Ivanova, E.A., 1972. Osnovnyye zakonomernosti 
evolyutsii spiriferid (Brachiopoda). Pale¬ 
ontologicheskii Zhurnal 1972(3): 28-42. 

Kalashnikov, N.V., 1998. Permian Spiriferids from 
the north of European Russia. Russian 
Academy of Sciences Uralian Branch, 
Komi Science Centre Institute of Geology 
Moscow GEOS, 138 pp. 

King, R.H.. 1938. New Chonetidae and Productidae 
from Pennsylvanian and Permian strata of 


BRACHIOPODS FROM THE LOWER PERMIAN V0RINGEN MEMBER 


101 


north-central Texas. Journal of Paleontol¬ 
ogy 12(3): 257-279. 

King, W„ 1846. Remarks on certain genera belong¬ 
ing to the Class Palliobranchiata. Annals 
anil Magazine of Natural History series I 
18:26-42, 83-94. 

Krotow, P.I., 1888. Gcologische Forschungen am 
westlichen Oral-Abhange in den Gebieten 
von Tscherdyn und Solikamsk. Trudy Geo- 
logicheskogo Komiteta 6(2): 297—563. 

Kuhn, O., 1949. Lehrbuch dee Palaozoologie. 
Schweizerbart'sche Verlgsbuchhandlung. 
Stuttgart, 326 pp. 

Kutorga, S.S.. 1844. Zwciter Beitrag zur Paleontolo- 
gie Russlands. Russich-Kaiserliche Minera- 
logische Gcsellschdft :u St. Petersbourg, 
Verhatidlungen 1844: 62-104. 

Lazarev, S.S., 1996. Tribe Yakovleviini (brachio- 
pods): 1. Meronomic bases. Paleontologi¬ 
cal Journal 30( 1): 26-37. 

Licharew. B.K.. 1947. O novum podrode Muirwoo- 
dia roda Productus Sow. s.l. Academiia 
NaukSSSR. Doklady 57(2): 187-190. 

Licharew. B.K., & Einor. O.L., 1939. Materials for 
the study of the Upper Palaeozoic faunas 
of Novaya Zemlya. Brachiopoda. Trudy 
Arktichescogo Nauchno-lssledovatel’skogo 
Instituta 127: 245 pp. 

Logan, A., 1966. The Upper Palaeozoic productoid 
brachiopod Horridonia timanica (Stucken- 
berg) and its close relatives. Transactions 
of the Leeds Geological Association 7(4): 
193-210. 

Meek, F.B., 1871. Description of new species of fos¬ 
sils from Ohio and other Western states 
and territories. Academy of Natural Sci¬ 
ence of Philadelphia. Proceedings 23: 
159-184. 

Muir-Wood, H.M., 1955. A History of the Classifi¬ 
cation of the Phylum Brachiopoda. British 
Museum (Natural History), London, 
124 pp. 

Muir-Wood, H.M., 1962. On the Morphology and 
classification of the Brachiopod Suborder 
Chonetoidea. British Museum (Natural 
History) Monograph. 132 pp. 

Muir-Wood, H.M., & Cooper, G.A., 1960. Mor¬ 
phology, classification, and life habits of 
the Productoidea (Brachiopoda). Geologi¬ 
cal Society of America Memoir 81: 447 pp. 

Nakamura, K„ Kimura, G„ & Winses. T.S., 1987. 
Brachiopod zonation and age of the Permian 


Kapp Starostin Formation (Central Spits¬ 
bergen). Polar Research n.s. 5: 207-219. 

Nakamura, K., Kimura, G., Winses, T. S„ & Lau- 
ritzen, 0, 1990. Permian and Permian-Tri- 
assic boundary in Central Spitsbergen. In 
The Japanese Scientific expedition to Sval¬ 
bard. 1983-1988, T. Tatsumi, cd„ Kyoiku- 
sha, Tokyo, Japan, 137-153. 

Nakamura, K., Tazawa, J„ & Kumon, F., 1992. Per¬ 
mian brachiopods of the Kapp Starostin 
Formation, west Spitsbergen. In Investiga¬ 
tions on the Upper Carboniferous-Upper 
Permian Succession of West Spitsbergen 
1989-1991. K. Nakamura, cd.. Publication 
of Hokkaido University, Sapporo, Japan, 
77-95. 

Nakrem, II.A., 1994. Environmental distribution of 
bryozoans in the Permian of Spitsbergen. 
In Biology and Palaeobiology of Bryo¬ 
zoans, P.J. Howard et al., eds. Proceedings 
of the Ninth International Bryozoology 
Conference, Fredensburg, Olsen & Olsen, 
133-137. 

Nakrem, H.A., Nilsson, I., & Mangerud, G„ 1992. 
Permian biostratigraphy of Svalbard (Arc¬ 
tic Norway) - a review. International Geo¬ 
logical Reviews 34: 933-955. 

Nelson, S.J., & Johnson, C.E., 1968. Permo-Carbon¬ 
iferous brachythyridid and horridonid bra¬ 
chiopods from the Yukon Territory, Canada. 
Journal of Paleontology 42(3): 715-747. 

Oehlert, D.P., 1887. Appendice stir les brachiopo- 
des. In Manuel de Conchyliologie et de Pa- 
leontologie conchyliogique ou Histoire 
naturelle des Mollusques vivants etfossiles 
4(11), P. Fischer & A. Lahure, cd., Librai- 
rie F. Savy, Paris, 1189-1334. 

D'Orbigny, A., 1842. Voyages dans I’Amerique tne- 
ridionale 3. 45-56, Pitois-Levrault, Paris. 

Pavlova, E.E., 1965. Reviziia Roda Neophrico- 
dothyris (otriad Spiriferida). Paleontolog- 
icheskii Zhurnal 1965(2): 133 137. 

Patterson, C„ 1990. Erik Helge Osvald Stensio. 2 
October 1891 II January 1984. Biograph¬ 
ical Memoirs of Fellows of the Royal Soci¬ 
ety 35: 362-380. 

Sarytcheva, T.G., 1977. Late Palaeozoic Productids 
of Siberia and the Arctic. Trudy Paleonto- 
logicheskii Institut Akademiya Nauk 
161(a): 1-220. 

Sarytcheva, T.G., & Sokolskaya, A.N., 1959. On 
the classification of pseudopunctate bra- 




102 


LUCIA ANGIOLINI & SARAI1 L. LONG 


chiopods. Academiia Nauk SSR, Doklady, 
Moscow 125(1): 181-184. 

Sarytcheva, T.G., & Waterhouse, J. B., 1972. Some 
brachiopods of the family Retariidae from 
the Permian of Northern Canada. Paleon¬ 
tological Journal 6(4): 501-513. 

Schuchert, C., 1893. Classification of the Brachi- 
opoda. American Geologist 11: 141-167. 

Schuchert, C., 1929. Classification of brachiopod 
genera, fossil and recent. In Animalia pars 
42. C. Schuchert & C.M. Levene, eds. In 
Fossilium Catalogus volume 1, C.J.F. Pom- 
peckj, ed.. Junk, Berlin, 10-25. 

Shi, G.R., & Waterhouse, J.B., 1996. Lower Per¬ 
mian brachiopods and molluscs from the 
Upper Jungle Creek formation. Northern 
Yukon Territory, Canada. Geological Sur¬ 
vey of Canada Bulletin 424: 1 -241. 

Sliusareva, A.D., 1958. O Kazanskikh spiriferakh. 
Trudy Paleontologicheskii Institut 118(3): 
581-583. 

Solomina, R.V., 1960. Permian brachiopods of Pai 
Hoi. Nauclmo-Issledovatel’skii Institut Ge- 
ologii Arktiki, Sbornik Statei po Paleon- 
tologii i Biostratigrajii 19: 24-73. 

Stehli, F.G., 1954. Lower Leonardian Brachiopoda 
of the Sierra Diablo. Bulletin of the Ameri¬ 
can Museum of Natural History 105: 
257-358. 

Stehli, F.G., & Grant, R.E., 1971. Permian brachi¬ 
opods from Axel Heiberg Island, Canada 
and an index of sampling efficiency. Jour¬ 
nal of Paleontology 45(3): 502-521. 

Stemmerik, L., 1988. Discussion. Brachiopod zona- 
tion and age of the Permian Kapp Staroslin 
Formation (Central Spitsbergen). Polar 
Research 6: 179-180. 

Stepanov, D.L., 1936. Materials for recognition of 
the brachiopod fauna of the Upper Paleo¬ 
zoic of Spitzbergcn. Leningrad State Uni¬ 
versity 9, scries 2: 114-126. 

Stepanov. D.L., 1937. Permian brachiopods of Spitz- 
bergen. Trudy Nauchno Issled Arktich In¬ 
stitute,: 105-192. 

Stepanov, D.L., 1961. On the Permian Productid 
genus Horridonia. Paleontologicheskii 
Zhurnal 1961(2): 72-79. 

Stepanov. D.L., & Kulikov, M.V., 1975. Stratigra¬ 
phy and Brachiopods from the Upper Per¬ 
mian of Kanin. Vsetnik Leningrad Institut 
1975(6): 51-65. 


Stuckenberg, A., 1875. Report on a geological jour¬ 
ney to Pechora Land and theTiman Tundra. 
Materials for the Geology of Russia 6, St. 
Petersbourgh, 216 pp. 

Stuckenberg, A., 1898. Allgemeine geologischc 
Karte von Russland. Blatt 127. Trudy Geo- 
logicheskogo Komiteta n. s. 16( I): 1-362. 

Toula, F., 1873. Kohlenkalk Fossilien von der Sub- 
spitze von Spitsbergen Sitzungsbrichtc der 
Akadcmie der Wissenschaften in Wien. 

Mathematisch-Naturwissenschaftliche 

Klasse 68(1): 267-291. 

Toula, F., 1874. Kohlcndalk undZechstein Fossilien 
aus dem Hornsund an der Sudwestkuste 
von Spilzbergen. Sitzungsbrichte der Aka- 
demie der Wissenschaflcn in Wien. Mathe- 
matisch-Naturwissenschaftliche Klasse 7 0: 
133-156. 

Toula, F., 1875. Permo-Karbon Fossilien von der 
Westkuste von Spitsbergen. Neues Jahr- 
huch fur Mineralogie und Palaeontologie: 
225-264. 

Ustrisky, V.I., 1980. Burovia - a new Horridoniid 
genus (Brachiopoda) from the Selandcr 
Suite of Svalbard. In Geologia Osadoch- 
nogo Chekhla Arkhpelaga Svalbard. 
Nauchno-lssledovatel'skii Institu Gcologii 
Arktiki Leningrad, 25-28. 

De Verneuil, E., 1845. Paleontologie Mollusques, 
Brachiopodcs. In Geologic de la Russie 
d 'Europe et des Montagues de I 'Oural, R.I. 
Murchison, E. De Verneuil, & A. De Kcy- 
serling, eds, John Murray (London) and 
Bertrand (Paris) 2(3): 17-395. 

Waagen, W.H., 1882-1885. Salt Range fossils. Part 
4 Brachiopoda. Memoirs of the Geological 
Survey of India. Palaeontologia Indica. Se¬ 
ries 13, 1, fascicles 1 -5: 329-770. 

Waterhouse, J.B.. 1968a. New species of Megousia 
Muir-Wood & Cooper and allied new 
genus from the Permian of Australia and 
North America. Journal of Paleontology 
42(5): 1171-1185. 

Waterhouse, J.B., 1968b. The classification and de¬ 
scription of Permian Spirifcrida (Brachiop¬ 
oda) from New Zealand. Palaeontographica 
A 129(1-3): 1-94. 

Waterhouse, J.B., 1975. New Permian and Triassic 
bachiopod taxa. Department of Geology of 
the University of Queensland papers (new 
series) 7(1): 1-23. 


BRACIIIOPODS FROM THE LOWER PERMIAN V0RINGEN MEMBER 


103 


Waterhouse, J.B., 1982. New Zealand Permian bra- 
chiopod systematics, zonation and palc- 
oecology. New Zealand Geological Survey, 
Palaeontological Bulletin 48: 158 pp. 

Waterhouse, J.B., 2004. Permian and Triassic 
slraigraphy and fossils of the Himalaya in 
northern Nepal. Earthwise 6: 287 pp. 

Waterhouse, J.B.. & Briggs, D.J.S. 1986. Late Pal¬ 
aeozoic Schyphozoa and Brachiopoda (In- 
articulata, Produetida and Rhynchonellida) 
from the southeast Bowen basin, Australia. 
BalaeontogmphicaA 198(3): 1-76. 

Waterhouse, J.B., & Waddington, J„ 1982. Sys¬ 
tematic descriptions, palacoecology and 
correlations of the Late Palaeozoic Sub¬ 
family Spirifcrellinac (Brachiopoda) from 
the Yukon Territory and the Canadian Arc¬ 
tic Archipelago. Geological Survey of Can¬ 
ada Bulletin 289: 1-72. 

Whitfield, R.P., 1908. Notes and observations on 
Carboniferous fossils and semifossil shells, 
brought home by members of the Peary 
Expedition 1905-1906. American Museum 
of Natural History Bulletin 24: 51-58. 

Wignall, P.B., Morante, R., & Newton, R„ 1998. 
The Pertno-Triassic transition in Spitsber¬ 
gen: 5 l3 C org chcmostratigraphy. Fe and S 
geochemistry, facies, fauna and trace fos¬ 
sils. Geological Magazine 135(1): 47-62. 


Williams, A., 1953. The classification of the stropho- 
menoid brachiopods. Washington Academy 
of Sciences Journal 43:279-287. 

Williams, A„ Brunton, C.H.C., Carlson, S.J., et 
al. (43), 2000. In Treatise on Invertebrate 
Paleontology. Part H: Brachiopoda (Re¬ 
vised). 2-3, R.L., Kaesler, ed., Geological 
Society of America, Boulder, and Univer¬ 
sity of Kansas Press, Lawrence, 1-919. 

Williams, A., Brunton, C.l I.C., Carlson, S.J., et al. 
(43), 2002. In Treatise on Invertebrate Pale¬ 
ontology. Part H: Brachiopoda (Revised). 4, 
R.L., Kaesler, ed.. Geological Society' of 
America, Boulder, and University of Kansas 
Press, Lawrence, 921-1688. 

Williams, A., Brunton, C.H.C., Carlson, SJ„ et al. 
(45), 2006. In Treatise on Invertebrate Pale¬ 
ontology. Part H: Brachiopoda (Revised). 5, 
R.L., Kaesler, ed.. Geological Society of 
America, Boulder, and University of Kansas 
Press, Lawrence. 1689-2320. 

Wiman, C., 1914. Ubcr die Karbonbrachiopodcn 
Spitsbcrgens und Bccren Eilands. Nova 
Acta Regia Sucietatis Scientiarum Uppsa- 
liensis, ser. 4, 3(8): 1-92. 


PERMIAN BIVALVES OF THE FAMILY KOLYMIIDAE KUSNEZOV OF 
NORTHEAST ASIA: SYSTEMATICS, EVOLUTION, AND 
BIOSTRATIGRAPHY 


Alexander S. Biakov 1 

'North-East Interdisciplinary Science Research Institute of the Russian Academy of Sciences, Far 
East Branch, 16 Portovaya, Magadan 685000, Russia. E-mail: stratigr@neisri.ru 

Biakov, A.S., 2008. Permian bivalves of the Family Kolymiidae Kusnezov ofnortheast Asia: systematic, 
evolution, and biostratigraphy. Proceedings of the Royal Society of Victoria 120(1): 104-117. 
ISSN 0035-9211. 

Systematics, evolution, and biostratigraphy of Permian Inoccnimns- like bivalves in the eastern part of 
the Boreal Realm are considered. All of Inoceramus-ttke bivalve genera are in the family Kolymiidae 
Kusnezov, which is divided in to two subfamilies: Kolymiinae Kusnezov and Atomodesmatinac Water- 
house. Kolymia Licharew. Cyrtokolymia Astafieva, Praekolvmia Biakov, and Taimyrokolymia Biakov are 
attributed to the Kolymiinae subfamily. Atomodesma Bcyrich, Aphanaia Koninck, Maitaia Marwick. In- 
tomodesma Popow, Evenia Kusnezov, Trabecalatia Waterhouse. Cigaretla Astafieva. Costatoaphanaia 
Biakov, and Okhotodesma Biakov are attributed to the Atomodesmatinae subfamily. Throughout the 
Northeast Asia, kolymiids are ubiquitous in Kungurian to Late Permian sequences. The Kolymiidae arc 
characteristic of Boreal regions but at the same time, rare invasion ( Atomodesma and probably, Trabecula- 
tia genera) occurred from non-Boreal regions. In terms of biostratigraphy, 13 zones and subzones have 
been established spanning the Kungurian-Changhsingian stages. 

Key words: Permian, Kolymiidae. Inoceramus -like bivalves, Northeast Asia, biostratigraphy. 


THE INOCERAMUS-Uke bivalves (Kolymiidae) arc 
one of the most characteristic elements of Permian biota 
in non-tropieal regions of the Earth. These bivalves are 
wide spread in Permian sediments of Australia (Dickins 
1956, and others). New Zealand (Marwick 1935; Wa¬ 
terhouse 1963, and others). Northeastern Russia and 
Russian Arctic (Taimyr, Novaya Zemlya. Kanin Penin¬ 
sula, Pechora Basin), Transbaikal Region and Primorye 
(Licharew 1934; Popow 1948; Muromzcva & Gus’kov 
1984; Astafieva 1993; Biakov 1993a,b and others), 
where they often form the rocks and are useful in bios- 
tratigraphic subdivision and correlation. Kolymiidae 
occur also in South Africa (Reed 1936), Salt Ranges 
(Waagcn 1881; Reed 1944), Nepal (Waterhouse 1978), 
Karokorum. North and South Mongolia, North China 
(Grabau 1931), Tibet (Fang & Gou 1996), Indonesia 
(Wanner 1922), New Caledonia (Campbell 1984). Ar¬ 
gentina (Gonzalez 1983; Pagani 2004 and others), Bra¬ 
zil (Rocha-Campos 1970), Canada, Alaska, and Nevada 
(Kaufmann & Runnegar 1975), Greenland (Newell 
1955), and Spitsbergen (Karczewski 1982). 

In spite of the fact that the systematics, taxonomy, 
and evolution of Permian Inoceramus -like bivalves 
have been studied by many authors (Dickins 1963; 
Waterhouse 1963, 1976. 1979; Kusnezov 1971, 1973; 
Kaufmann & Runnegar 1975; Muromzcva & Gus’kov 
1984; Biakov 1993b; Astafieva 1993), many problems 
still remain. 


This paper is based on an extensive study of vast 
collections of Permian Inoceramus -like bivalves 
from the eastern part of the Boreal Realm. It is also 
based on detailed measured sections from areas 
within Verkhoyansk, Northern Okhotsk, Kolyma- 
Omolon region, and Trasbaikal Region (Fig. 1). This 
research has enabled me to form a perspective on the 
evolution and systematics of this peculiar group. It is 
particularly important to note that almost all studied 
material has reliable stratigraphic position. These 
data were collected as a result of detailed studies of 
key sections of the major Permian sedimentary ba¬ 
sins of Northeastern Asia. In many cases, fossils are 
represented by numerous specimens from one site, 
and are from within autochthonous sequences. Col¬ 
lections made by other scientists from various re¬ 
gions of Pechora Basin, Kanin Peninsula, Novaya 
Zemlya, Verkhoyansk, Okhotsk, and Northern Mon¬ 
golia were also studied as comparative material. 

GENERAL APPROACHES TO SYSTEMATICS 
OF INOCERAMUS-UKE BIVALVES 

Morphological features used to distinguish most 
taxa of Permian Inoceramus- like bivalves at species 
and genus level arc rather conservative and show lit¬ 
tle variation. 
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Fig. I. Major Permian east Boreal sedimentary basins in 
Russia (Modified from Ganelin & Kotlyar 1984). 1. East 
European; 2. Pechora and Kanin Peninsula; 3. Novaya 
Zcmlya; 4. Taimyr, 5. Verkhoyansk: 5a. Northern Verkhoyansk, 
5b. Western Verkhoyansk, 5c. Southern Verkhoyansk; 6. 
Okhotsk and Ayan-Yuryakh; 7. Omolon and Gizhiga; 8. 
Transbaikal. 

At generic level most investigators recognise the 
following three characters: the equivalve nature of 
the shell, character of outer sculpture, and presence 
of anterior ear. Some authors have also distinguished 
the structure of the umbonal septum, the thickness of 
anterior wall of the shell (Waterhouse 1979), the 
general form and, shell thickness (Astafieva 1993) as 
generic features. But the formal use of these mor¬ 
phological characteristics in the absence of ontoge¬ 
netic considerations can lead to artificial taxa. 

From my perspective it is impossible to ignore the 
systematic investigations of the last two-three dec¬ 
ades of Pokhialainen (1985a,b), Zonova (1975), and 
Polubotko (1992) on younger Jurassic and Cretaceous 
Inocemmus -like bivalves. In particular, I acknowl¬ 
edge the work by Pokhialainen (1985a,b), who de¬ 
scribed a general approach to systematics of the 
inoccramids, and demonstrated that there arc no uni¬ 
versal taxonomic features of genus and higher rank. 
Pokhialainen regarded genera of Cretaceous inocera- 
mids in terms of morphological innovations along a 
development part within a simply constructed ‘stand¬ 
ard model’. Sometimes he gave family rank to these 
innovations (for example, the Coloniceramidae fam¬ 
ily with typical Coloniceramus having a three-layered 
ostracum, and distinctive trapezium-shaped area). He 
stressed the significance of the ligament structure for 
differentiating between Jurassic and Cretaceous inoc¬ 
cramids. Pokhialainen divided them into two families. 
As established for the first time by Glazunov (1965), 
the ligament on Jurassic rctroceramids occurs right 
on the lamellar shell layer and because of this, it is 
preserved on internal moulds. In Cretaceous inocera- 


mids, the ligament is developed only on the prismatic 
shell layer. 

As far as 1 am aware, in kolymiids the ligament 
formed on the lamellar shell layer, resulted in Jurassic 
rctroceramids. This is commonly preserved on inter¬ 
nal moulds as thin long striated ligamenta! growth¬ 
lines. Permian kolymiids are therefore closer to the 
Jurassic rctroceramids than the Cretaceous inoccra¬ 
mids, though some authors have refered the kolymiids 
to Cretaceous inoccramids (Kaufmann & Runnegar 
1975; Waterhouse 1979; Pagani 2004). Despite simi¬ 
larities in structure, the numerous Permian forms are 
totally different from the Jurassic rctroceramids and 
clearly warrant independent status as the Kolymiidae 
family. 

Genera of common ancestry and having similar 
shell morphology (for example, development of the 
anterior car, and muscular scar morphology) are 
grouped by me into the subfamilies. I distinguish the 
families on the basis of ligament structure. 

Taking into account everything mentioned above, 
kolymiid genera can be recognized by other morpho¬ 
logical characters that are largely independent of an¬ 
cestry geographic distribution and age. This is why 1 
believe that the only rational way to distinguish gen¬ 
era within the Kolymiidae is to develop an under¬ 
standing of historical development of the group on 
the basis of biostratigraphic analysis. I wish to stress 
that detailed study of stratigraphic sections in the 
Verkhoyansk, Okhotsk and Kolyma-Omolon regions 
are the basis of almost everything presented here, 
along with other taxa including all other bivalves, 
brachiopods and ammonoids. 

EVOLUTION OF THE EAST BOREAL 
KOLYMIIDS AS THE BASIS OF 
SUPRASPECIES SYSTEMATICS 

In Russian Boreal basins kolymiid bivalves first ap¬ 
pear more or less simultaneously both on the west 
CAtomodesnia’ guskovi Astafieva from the Bel'kov 
Formation of the Pechora Basin), and on the east, as 
in the Vcrkhoyansk-Kolyma regions. This datum 
(Ganelin & Biakov 2006) is of basal Kungurian age 
within Saranian time. Older records of kolymiids 
(Astafieva 1993; Kurushin et al. 1996) are not well 
constrained biostratigraphically and need to be 
checked. 

In Northeast Asia, the oldest kolymiids appear 
within the Aphanaia lima Zone (Fig. 2), probably si¬ 
multaneously in the Verkhoyansk and Kolyma-Omolon 
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Fig. 2. Historical development and phylogenetic relations of Permian Inoceramus -like bivalves of Northeast Asia. 
Radiometric ages are adopted from Wardlaw el. al. 2004 and Henderson 2005. 

Abbreviations: U. p.. Upper part; ISC, International Stratigraphic Chart; K., Koargychanian. 
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basins. They are represented by almost smooth tumid 
forms with a thin prismatic shell layer ( Aphanaia lima 
(Lutkevich et Lobanova), A. kutygini Biakov), and 
thicker-shelled Aphanaia sp. nov. which has a more 
strongly defined upper anterior shell margin (it is prob¬ 
ably the ancestor of the Praekolymia genus). A little 
later (at the end of the Aphanaia lima Zone) further di¬ 
versification of the group took place with large cig- 
arells appearing (e.g. Cigarella borlichi Astafieva), and 
then Praekolymia at the beginning of the Aphanaia an- 
drianovi Zone. This zone lasted until the end of Early 
Permian time. 

Figures 3-5 show characteristic representatives 
ofkolymiids from Northeast Asia. 

Thus, it is clear, that the kolymiids first appear in 
north-eastern Asia later than they ditl in the basins of 
the Gondwanan Realm, where they are recorded from 
sequences of Assclian-Sakmarian age (Gonzalez 
1983; Pagani 2000, 2004; Waterhouse 1979; Dickins 
1963; Archbold & Dickins 1996). 

Separation of the kolymiids into two distinct 
groups (based on development of the anterior ear, as 
mentioned above), took place at the beginning of the 
Kungurian stage. The Praekolymia Biakov, Kolymia 
Licharew, Cyrtokolymia Astafieva, and Taimyrokol- 
ymia Biakov genera belong to the first group. The sec¬ 
ond group consists of Atomodesma Bcyrich, Aphanaia 
Koninck, A laitaia Marwick, Intomodesma Popow, 
Evenia Kuznetzov, Trabeculalia Waterhouse, Cig¬ 
arella Astafieva, Costatoaplwnaia Biakov, and Okho- 
todesma Biakov. These two groups, reflect two distinct 
lines of evolution and arc treated here as subfamilies - 
respectively, the Kolymiinac and Atomodesmatinae. 

This interpretation is markedly different from 
that of Astafieva (1993), who considered the Kol- 
ymiinae to be completely independent group from 
the Atomodesmatinae, of cirtodontids ancestry. I let- 
basis for this concept was based on apparent differ¬ 
ences in the structure of ligament of the Kolymiinac 
and Atomodesmatinae. However, ligament structure 
in the two groups has been shown to be almost iden¬ 
tical (Biakov 1993b). The ligament was a cord lo¬ 
cated in a long concave ligament area with thin 
longitudinal growth striations. Besides, as the fossil 
record demonstrates, evolution of the Kolymiinac is 
closely related to that of the Atomodesmatinae. 

Morphological evolution of the first group (Kol- 
yntiinae) involved differentiation of the anterior mar¬ 
gin of the shell into a well separated ear, which was 
accompanied by reduction and loss of the umbonal 
septum, and by changes in position of muscle scars. 
The anterior adductor of the Kolymiinae was probably 


completely reduced. The structure of the other part of 
muscular system also underwent the change: the 
pedal-byssal and mantle retractor muscles became 
more numerous and developed. In connection with 
this, the pallial line became more pronounced: the 
trace and imprint of the posterior muscle are well pre¬ 
served on internal mould and shell interior. The ante¬ 
rior ear of Praekolymia is practically non-existent. 
However, the muscle structure is very similar to that 
of Kolymia and Cyrtokolymia. Astafieva (1993) corre¬ 
lated the appearance of an anterior car with morpho¬ 
logical transition to a semi-infaunal habitat related to 
expansion of habitat range. It is interesting to note that 
among the representatives of the Kolymiinae, forms 
with the coarse concentric sculpture are absent. This is 
probably related to their semi-infaunal habit. The first 
appearance of a well separated anterior car occurred at 
the beginning of Omolonian time (Roadian) within 
species of Kolymia and Cyrtokolymia. These genera 
probably arose simultaneously. The genus Kolymia in¬ 
cludes 25 species and flourished in the Verkhoyansk- 
Kolyma-Omolon basins during all of Omolonian time 
(Roadian-Wordian). Cyrtokolymia is more restricted. 
It inhabited the Verkhoyansk and Okhotsk basins and 
is represented by only one species, ranging through 
early and probably middle Omolonian time. 

During middle to late Omolonian time in the 
western sector of the Verkhoyansk basin and Eastern 
Taimyr, another kolymiid genus appeared - Taimy- 
rokolymia. This genus exhibits the general plain 
character of the kolymiid shell but is characterized 
by the flattened shell and the formation of a poorly 
separated wing-like anterior ear. Perhaps this ten¬ 
dency was inherited from some early-middle Omolo¬ 
nian forms, comparable to Kolymia nebulae Kulikov 
and K. churavtsovi Biakov. The age range of Taimy- 
rokolymia is restricted Boeharian time (late Word- 
ian). By the end of Omolonian time (end Wordian), 
the Kolymiinae were extinct. 

Morphological evolution of the Atomodesmatinae, 
the second group of Inoceramus- like bivalves of the 
eastern part of the Boreal Realm, was more conserva¬ 
tive, yet went in several directions: an appearance of 
sharp concentric sculpture of various genera at differ¬ 
ent stratigraphic levels, an appearance of markedly 
non-cquivalve shell forms, cigar-like forms with a ros¬ 
trum-like beak, and subsequent further development of 
shell forms with equivalve or almost equivalve shells. 

The first elongated forms occurred within the 
Aphanaia lima Zone during Kungurian time. Astafieva 
(1993) established the genus Cigarella (C. borlichi As¬ 
tafieva) to accommodate this distinctive shell form. 
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Fig. 3. Caption - see page 111. 
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Fig. 4. 


Caption - see page 111. 
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Fig. J. Caption - see page 111. 
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Fig. 3. Characteristic representatives of Kungurian and Roadian Inoceramus-Wko. bivalves of northeast Asia. All tigures 
natural size unless indicated. A, Aphanaia lima (Lutkevich et Lobanova), right valve, NEISRI 4/02-06.99, base of the 
Fcdorovskii Formation, Gizhiga folded Zone, Early Kungurian. B. Costatoaphanaia ganelini (Biakov), right valve, NEISRI 
67/02-06.99, lower part of the Dzhigdali Formation, Omolon Massif, Kungurian, x0.9. C, Aplmnaia andrianovi (Muromzeva 
et Kusnezov), left aspect of NEISRI 7/02-06.99, locality and age as A. D. Cyrtokolymia aurita Astafieva, uncompleted right 
valve, NEISRI 40/02-06.98, base of the Beglyi Formation, northeastern framework of the Okhotsk Massif, Roadian (after 
Biakov 2007a). E, Aplmnaia stepanovi (Muromzeva), dorsal aspect of NEISRI 33/02-06.98, locality and age as D (after 
Biakov 2007a). F, Prackolymia archboldi Biakov, right valve, holotype NEISRI 1/02-06,100, Upper Tumara Subformation, 
Western Verkhoyansk, Kungurian (after Biakov 200S). G, Costatoaphanaia popowi (Muromzeva et Kusnezov), left aspect of 
KSU 140/551, Lower Tumara Subformation, Western Verkhoyansk, Kungurian (after Muromzeva & Gus’kov 1984). 

The specimens shown here are stored in the following collections: Museum of the North-East Interdisciplinary Scientific 
Research Institute, Far East Branch RAS, Magadan (NEISRI, collection no. 02-06.98. 02-06.99, 02-06.100); Geological 
Museum of Kazan' State University. Kazan' (KSU, collection no. 551): Paleontological Institute of RAS, Moscow (PI, col¬ 
lection no. 4150), Geological Museum of the Federal State Department 'Regional Storage of Geological Information on the 
Magadan Region’, Magadan (RSGIM, collection no. 1062) (formerly the SVPGO Museum); F.N. Chernyshev Central 
Research Geological-Prospecting Museum, St. Petersburg (CRGPM, collection no. 7443, 11570). 

Fig. 4. Characteristic representatives of Roadian and Wordian Inoceramus- like bivalves of northeast Asia. All figures natu¬ 
ral size unless indicated. A, Kolymia inocetxtmifortnis Licharew, left valve, NEISRI 17/02-06.99, Lower Omolon Subformation, 
Omolon Massif, Roadian, xO.85. B, Evenia lenaense (Voronez), left aspect of PI 4150/70. lower part (?) of the Bursk Strata, 
Northern Verkhoyansk, Wordian (after Astafieva 1993). C, Cigarella licharewi (Muromzeva), right aspect of NEISRI 29/02- 
06.99, Upper Omolon Subformation, Omolon Massif, Wordian, x0.75. D, Kolymia multiformis Biakov, right valve, holotype 
RSCilM 23/1062, Upper Omolon Subformation, Omolon Massif. Wordian (after Biakov 1993b). E. Kolymia plicuta Biakov, 
right valve, holotype NEISRI 88/02-06.98, middle part of the Omolon Subformation, Omolon Massif, Wordian (after Biakov 
1999). F. Okholodesma sinevensis (Biakov), right aspect of holotype RSGIM 8/1068, Middle Klturen Subformation, northeast¬ 
ern framework of the Okhotsk Massif, Wordian (after Biakov 2007a). G, Taimytvkolymia ustritskyi Biakov, left valve, CRGPM 
264/7443, Upper Delendzha Subformation, Western Verkhoyansk, Wordian (after Lutkevich & Lobanova 1960). 

Fig. 5. Characteristic representatives of Capitanian, Wuchiapingian and Changhsingian Inoceramus- like bivalves of 
northeast Asia. All figures natural size. A, Maitaia bella Biakov, left aspect of holotype RSGIM 30/1062, Upper Gizhiga 
Subformation, Omolon Massif, Capitanian (after Biakov 1993b). B, C, ? Trabeculatia trabeculum (Waterhouse), anterior 
and right aspect of NEISRI 11/02-06.98, respectively with heavily thickened anterior wall, Lower Omchak Subformation, 
Ayan-Yuryakh Antiklinorium, Capitanian. D, Maitaia tenkensis Biakov, left valve, holotype NEISRI 57/02-06.98, lower 
part of the Upper Omchak Subformation, Ayan-Yuryakh Antiklinorium, Wuchiapingian (after Biakov 1999). E, Maitaia 
quadrata (Lutkevich et Lobanova), left aspect of NEISRI 82/02-06.98, upper part of the Khivach Formation, Omolon 
Massif, Changhsingian. F, fntomodesma costatum Popow, right valve, NEISRI 68/02-06.98. Upper StarateP Subformation, 
Ayan-Yuryakh Antiklinorium, Changhsingian. G, Maitaia hurenensis Biakov, right valve, holotype RSGIM 16/1068. lower 
part of the Lower Kulu Subformation, northeastern framework of the Okhotsk Massif, Wuchiapingian (after Biakov 2007a). 
11, Maitaia sp. nov., left valve, CRGPM 126/11570, Upper Kharaulakh Subformation, Northern Verkhoyansk, Changhsingian 
? (after Muromzeva & Gus’kov 1984). I. Atomodesma variabile Wanner, left aspect of CRGPM 641/11570, Dulgalakh 
Formation, Northern Verkhoyansk, Wuchiapingian. J, Intomodcsma evenicum Kusnezov in Biakov, left valve, KSU 145/551, 
Upper Dulgalakh Subformation, Western Verkhoyansk, Changhsingian. 


Further cigarells existed during Roadian-Wordian time 
as recognized by a line age of gradually developing 
species (C. licharewi (Muromzeva), C. kasnezovi Bia¬ 
kov, C. muromtsevae Astafieva, and probably, C. var- 
varae (Biakov). They had disappeared by the end of 
Wordian time. 

At the beginning of the Aphanaia andrianovi Zone, 
coarse ribbed forms of the genus Costatoaphanaia ap¬ 
peared, having originated from the first primitive 
Aphanaia. Costatoaphanaia included four species; C. 
ganelini (Biakov), C.formosa (Astafieva), C. aenigma 
(Astafieva), and C. popowi (Muromzeva et Kusnezov). 
It was a short-lived lineage, and completely died out by 
the end of Kungurian time. 


At the onset of Russian-Omolonian time (Roadian), 
peculiar gigantic non-cquivalve Aphanaia stepanovi 
(Muromzeva) existed. By the end of the Roadian time 
all Aphanaia had died out. 

At approximately the same time eqttivalve forms 
appeared among the atomodesmatinids. I consider 
these to be the first Maitaia (,v. stricto). It should be 
noted that the validity of the genus Maitaia Marwick 
is problematic in spite of the fact that this genus is 
distinguished by equivalve shells. The configuration 
of the posterior muscle scar is identical to that of 
Aphanaia. The genus Maitaia is formally restarted to 
include Middle-Late Permian equivalve forms. It is 
very difficult to determine the genus simply on the 
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basis of equivalve shell shape for some species. That 
is why, all the Early Permian forms with equivalve 
shells are tentatively considered here as belonging to 
the genus Aphanaia. 

Representatives of Maitaia range in age through 
Middle to Late Permian time, and some of them (M. 
errabunda (Popow)) even survived the Permian-Tri- 
assic crisis, but had disappeared by the beginning of 
Olenekian time. 

At the end of Omolonian time (the end of the 
Wordian) rapid spcciation took place. A new peculiar 
group of coarse ribbed equivalve forms appeared. 
This group is distinguished as the genus Okho- 
lodesma, and includes two species. However, Okho- 
todesma was very short lived, restricted to Bocharian 
time (Late Wordian). 

Capitanian and much of Wuchiapingian time was 
a crisis period for the kolymiids; only some repre¬ 
sentatives of Maitaia existed. 

The last great morphological explosion took 
place at the end of the Wuchiapingian, with the ap¬ 
pearance of the genus Intomodesma (Biakov 1993a), 
representatives of which quickly spread throughout 
the vast areas of northeastern Asia reaching Novaya 
Zetnlya and probably North America (Kaufmann & 
Runnegar 1975). However, by the end of the Permian 
all had died out. 

In my view, the genus litnaria Astafieva (As- 
tafieva-Urbajtis & Astafieva 1985) is not valid. This 
assertion is based on detailed observations of the type 
material. ‘Ligament pits', described for the first time 
by Muromzeva (1979) have been reinterpreted as 
leaching hollows on the upper margin of the shell, and 
arc completely unrelated to its ligament structure. 

Representatives of the genus Atomodesma which 
essentially includes forms with expressed radial de¬ 
pressions and a thin prismatic shell layer, are clearly 
immigrants to the Boreal Realm. Morphological char¬ 
acteristics of Atomodesma preclude these forms from 
the evolutionary lineage of the Iiwceramus -like bi¬ 
valves of the east Boreal Realm. Their representatives 
are found in three stratigraphic levels - the late Road- 
ian (the Kolymia inoceramiformis Zone) in the North¬ 
ern Verkhoyansk basin (the Northern Kharaulakh) -/(. 
exatvtum Beyrich; the late Wordian (the Kolymia mul¬ 
tiformis Zone) in the Northern Verkhoyansk basin (the 
Lena River mouth) A. sp. nov. (A. ex gr. exam turn); 
and the early Wuchiapingian (lower part of the Maitaia 
tenkensis Zone) in Novaya Zemlya A. bisulcatum 
Dickins, and in the Northern Verkhoyansk (the Lena 
River mouth. Northern Kharaulakh, Northern and 
South Orulgan) - A. variabile Wanner. I assume that 


the occurrence of these species in Boreal basins i s 
connected with extensive transgressions as indicated 
by associated ammonoid faunas. In particular, the 
Daubichites genus is found in the late Roadian level 
as in Western Australia (Glenistcr & Furnish 1961) 
and in the Northern and Western Verkhoyansk (Andri¬ 
anov 1985; Kutygin 2006)1 The unique find of cy- 
clolobid Paixtmexicocems in the Southern Verkhoyansk 
(Popow 1970) is associated with A. variabile. 

The genus Evenia is morphologically close to the 
Atomodesma (small, thin shell with curvilinear 
comissure) but lacks radial plicae. It is regarded as 
an independent taxon of genus rank, first described 
by Kusnezov (1973). The origin of Evenia is unclear, 
but it is related by me to the possible migration (of 
Evenia lenaense (Voronez)) from the western part of 
the Boreal Realm, where it is known on the Kanin 
Peninsula (Muromzeva & Gus’kov 1984), and also, 
probably, in the Posidonia shale in Eastern Green¬ 
land (Newell 1955). 

The presence in Boreal sections of the genus 
Trabeculatia Waterhouse is not yet clear. In the upper 
parts of the Maitaia bella Zone I have established 
that there are forms that arc close to T. trabeculum 
(Waterhouse), as described by Waterhouse from the 
upper part of the Tramway Formation (Waterhouse 
1963). Are they attributable to the same species or 
the result of parallel development? This question is 
the object of future study. 

Astafieva (1993) attributed three species to the 
genus Trabeculatia. However, in my opinion, two of 
them ‘77 giberrosa Astafieva, and ‘77 quadrata 
(Lutkevich et Lobanova) are better assigned to other 
genera namely, Intomodesma and Maitaia respec¬ 
tively. The other species ('77 gracilis Astafieva) is 
difficult to determine because of poor preservation. 

Thus, in Northeast Asia the Inoceramus -like bi¬ 
valves developed mainly autonomously. Yet at the 
same time, rare invasions took place of Atomodesma. 
Evenia , and probably Trabeculatia from beyond the 
Boreal region. 

BIOSTRATIGRAPHY 

The kolymiids were first studied in detail on the 
Omolon Massif. It was here that the first bivalve- 
based biostratigraphic zones were established and 
have now been used in many other locations includ¬ 
ing the Kolyma-Omolon, Okhotsk, and Verkhoyansk 
regions (Biakov 2000, 2006, 2007a), as well as in 
many other areas of the eastern part of the Boreal 
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Realm, such as in the Transbaikal Region in particu¬ 
lar (Biakov 2002). 

The development stages of the kolymiids have 
been used to establish an elaborate bivalve zonation 
(Biakov 1995, 1997). These development stages were 
established by morphogenic changes of the Kolymii- 
dae through the Permian and by reconstructing the 
phytogeny of this group. Such an approach allows us 
to avoid faunal breaks in the scale and make area- and 
region-wide correlations using evolutionary trends. 

The description and the detailed substantiation 
of this bivalve-based biostratigraphic scale and its 
limitations have also been discussed in several previ¬ 
ous studies (Biakov 2000. 2006, 2007a; Ganelin & 
Biakov 2006). 

The bivalve-based biozones and their correlation 
with brachiopod faunas as well as with the Hast Eu¬ 
ropean and International Permian timescales are 
summarized in Fig. 2. 

The bivalve zones recognized on the basis of the 
kolymiids are described, below in terms of stages. 

Kungurian 

Two zones are recognized: Aphanaia lima Zone, and 
Aphanaia andrianovi Zone were established. The 
earliest known kolymiids appeared in the Aphanaia 
lima Zone. It is characterized by Aphanaia lima 
(Lutkcvich et Lobanova), A. kutygini Biakov, A. 
aenigma (Astafieva), Aphanaia sp. nov., Cigarella 
borlichi Astafieva, and C. triangula Astafieva. 

The Aphanaia andrianovi Zone is characterized by 
the appearance and rapid development of Praekolymia 
and Costatoaphanaia. It is characterized by Aphanaia 
andrianovi (Muromzevaet Kusnezov),.!. hudnikovi Bi¬ 
akov, A. pogorevitschi (Muromzeva et Guskov), Apha¬ 
naia sp. nov., Costatoaphanaia ganelini (Biakov), C. 
formosa (Astafieva), C. popowi (Muromzeva et Kusne¬ 
zov), C. aenigma (Astafieva), Praekolymia archholdi 
Biakov, P. urbajtisae Biakov, and P. ? alitis (Astafieva). 
This zone represents the peak of taxonomic diversity 
for Permian lime, on the basis of many fauna groups 
(Leonova 1999; Biakov 2001; Kotlyaret al. 2004; Bia¬ 
kov et al. 2006). 

The end of Kungurian time ( Kolymaella -Bo- 
charella time) was signified by an important extinc¬ 
tion event, when about 70% of bivalve species died 
out, and almost no new taxa. The kolymiids arc ex¬ 
tremely rare in this interval. Costatoaphanaia died 
out. Apart from Aphanaia sp. nov., only rare, non-de¬ 
script representatives of Aphanaia occur. 


Roadian 

Two bivalve zones are recognized: Aphanaia dilatata 
Zone, and Kolymia inoceramiformis Zone. The 
Aphanaia dilatata Zone is characterized by the ap¬ 
pearance and rapid development of Kolymia , and 
Cvrtokolymia. Praekolymia continued to develop. 
The following kolymiids are charactcrisitic: Apha¬ 
naia dilatata Biakov, A. stepanovi (Muromzeva), A. 
judomensis Astafieva, Cigarella sp.. Kolymia simkini 
Popow, K. yurii Astafieva, K. milievskyi Biakov, K. 
churavtsovi Biakov, Cvrtokolymia aurita Astafieva, 
and Praekolymia urbajtisae Biakov. 

The Kolymia inoceramiformis Zone is character¬ 
ized by Aphanaia stepanovi (Muromzeva), Kolymia 
inoceramiformis Licharew, K. yurii Astafieva, K. aff. 
nikolaewi (Voronez), K. simkini Popow, K. taskanika 
Biakov, K. pergamenti Muromzeva, K. anaticula As¬ 
tafieva, K. pontoneica Biakov, Kolymia sp. 1 (K. ex 
gr. astafievae Biakov), K. churavtsovi Biakov, 
K. erecta Biakov, K. simkiniformis Biakov, and 
Cyrtokolymia aurita (Astafieva). Praekolymia died 
out, and Cyrtokolymia was restricted to Roadian 
time. In the Northern Verkhoyansk basin, Atom- 
odesma exaratum Beyrich appeared. 

Wordian 

Two zones are recognized: Kolymia plicata Zone, 
and Kolymia multiformis Zone. Characteristic taxa 
include: Kolymia plicata Biakov, K. ? irregularis Li¬ 
charew, K. angusta Astafieva, K. miranda Astafieva, 
K. nebulae Kulikov, K. yurii Astafieva, K. anaticula 
Astafieva, K. simkini Popow, K. astafievae Biakov, 
K. posneri Muromzeva in Kusnezov, Maitaia kusne- 
zovi Biakov, and Maitaia sp. for the Kolymia plicata 
Zone. Rare Kolymia rara Biakov, K. aff. inocerami¬ 
formis Licharew, K. cf. nikolaewi (Voronez), K. per¬ 
gamenti Muromzeva, and Cyrtokolymia aff. aurita 
(Astafieva) occur and the first Maitaia appeared. 
However, the origin of Maitaia is unclear: was it due 
to migration from non-Boreal regions, or did they 
arise from Aphanaia'! In the Northern Verkhoyansk 
basin, the last Cyrtokolymia appeared. 

The Kolymia multiformis Zone is characterized 
by Kolymia multiformis Biakov (and some close but 
as yet undescribed, species). K. nikolaewi (Voronez), 
K. kasanenkoi Astafieva et Kusnezov, K. pergamenti 
Muromzeva, K. vercltojanica Lulkevich et Lobanova, 
Taimymkolymia ustritskyi Biakov, Cigarella licharewi 
(Muromzeva), C.? varvarae (Biakov), Okhotodesma 
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sinevensis (Biakov), O. solominae (Astafieva), 
Maitaia absoluta Astafieva, Evenia lenaense (Voro- 
nez), and Atomodesma sp. nov. (A. ex gr. exaratum 
Beyrich). In the Western Verkhoyansk basin, the last 
Kolymia inoceramiformis Licharew appeared. Most 
peculiar is the appearance and development of Okho- 
todesma and Taimymkolymia. By the end of the 
Wordian almost all Inoceramus- like bivalves, (ex¬ 
cluding Maitaia) had died out. 

Capitanian 

A simple zone is recognized: Maitaia bella Zone. The 
beginning of the Capitanian is characterized by a 
sharp decrease in biodiversity not only among the kol- 
ymiids, but also among most other benthic groups in 
northeastern Asia (Biakov & Ganelin 1998: Biakov et 
al, 2004; Biakov 2007b). For this zone Maitaia bella 
Biakov, Maitaia sp.. M. helliformis Biakov, M. kolymi- 
aformis Biakov are characteristic. The last two species 
have only been observed in the upper part of the zone. 
In the Ayan-Yuryakh basin I have also established the 
presence of forms similar to Tmbecidatia trabeculum 
(Waterhouse) in the upper part of the zone. 

Mtchiapingian and Changhsingian 

Two zones are recognized: Maitaia tenkensis Zone 
and Intomodesma costatum Zone. The Maitaia tenk¬ 
ensis Zone is characterized by rare Maitaia tenkensis 
Biakov, M. belliformis Biakov, Maitaia sp., M. quad- 
rata (Lutkevich et Lobanova), and Atomodesma vari- 
abile Wanner. Records of the last species (known 
only in the Northern and probably Western Verkhoy¬ 
ansk basin) are of particular interest because they are 
typical emigrants from the Gondwanan Realm. 

The Intomodesma costatum Zone is charatcrized 
by the rapid development of the kolymiids, and is di¬ 
vided in four subzones on the basis of evolution tenden¬ 
cies: the Maitaia hurenensis Subzone, the Intomodesma 
costatum Subzone, the Intomodesma evenicum Sub- 
zone, and the Intomodesma postevenicum Subzone. In 
this zone, Intomodesma cotatum Popow, /. evenicum 
Kusnezov, /. bicarinatum (Muromzeva), I. turgidum 
Popow, /. balygytshanicum Biakov, /. ‘sartungensis' 
Biakov, /. pamcostatum Biakov, Maitaia hurenensis 
Biakov, M. regularicostata (Muromzeva), M. quadrata 
(Lutkevich et Lobanova), and two undescribed species 
of Maitaia are present. 


According to interpretation of stable isotope 
anomalies using 5 I3 C (Zakharov et al. 2005), the 
boundary of the Wuchiapingian and Changhsingian 
stages must lie with the lower part of the Into¬ 
modesma costatum Zone, and most likely within 
Maitaia hurenensis Subzone. 
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CAPTAIN Eugene de Hautpick is a little-known fig¬ 
ure in Australian geological/mining history. However 
his presence in Australia during the 1920s caused 
more than a little concern. Russian-born, with some 
mining/geological training and military experience, 
he was the Russian correspondent for the London- 
based Mining Journal between 1907 and 1921. de 
Hautpick was said lo have been assassinated in Aus¬ 
tralia by Bolsheviks in the early 1920s. 

He was certainly in Australia in the 1920s, first 
between 1922 and 1924, involved in oil exploration, 
intertwined with speculation, most particularly in the 
Mersey Valley. Tasmania, and in the Coorong, South 
Australia. A map of Australia outlining his ideas 
about oil possibilities was published late in 1924 
(k,l,m). just as he returned to England. He was back 
to Australia in December 1927 with geophysical ‘in¬ 
ventions’ seeking sources of radium, and still hope¬ 
ful of oil discoveries using geophysical techniques. 
From his base in Adelaide he published interesting 
pamphlets on these topics. 

Was he an expert or was he a charlatan, as has 
been suggested by some sources? He was probably 
somewhere in between. Evidence suggests that he 
rather underestimated the quality of the Australian 
mining geological fraternity. Nevertheless by stimu¬ 
lating financial interest and general publicity he 
played a small part in the long search for economic 
oil in Australia. In 1929 he faded into obscurity, by¬ 
passed in the continuing search for the riches which 
lie beneath the dusty surface of Australia. 

As a palaeontologist Neil Archbold (1950 
2005). in his taxonomic work had to focus, as far as 
possible, on facts. However, even in this work, 
through nomenclature, he was led to history, and thus 
to some extent, to some of the great romantics, who. 
in various ways, contributed to the growth of the ge¬ 
ological sciences. In an interesting paper, a joint 


study with John Talent and Victor Machlin (Talent et 
al. 1995) Neil dealt with a recent piece of realism in 
the history of geology, the political elimination of a 
noted Russian researcher, Georgiy Nikoleivich Fred- 
eriks (1889 - 1938), in which there is an element of 
mystery which borders perhaps on the romantic. 

In a similar way, the subject of this paper, another 
Russian, Captain Eugene de Hautpick, is somewhat 
of a mystery, and there is even an element of romance 
is his activities, which impinged on the history of 
Australia’s geology and mining, particularly in the 
1920s. 

de Hautpick is not a well-known figure on the 
Australian geological scene, and most present day 
geologists and mining experts have never heard of 
him. However his presence in Australia during the 
1920s caused significant concern. There is mention 
of him in A.J. Wilson’s outline of the history of min¬ 
ing journalism (Wilson 1979), which stated that de 
Hautpick was the Russian correspondent for the 
Mining Journal for some ten years before the 1917 
revolution, being ‘a member of the Czar’s General 
Staff and a prominent mining geologist’. Wilson 
commented that he was a close friend of Edward Ba- 
liol Scott, Australian born, owner and, for 50 years, 
editor of the Mining Journal, de Hautpick was also 
godfather to Scott’s son Ursel. 

Wilson added that de Hautpick ‘made frequent trips 
to Britain, and after the revolution moved to Australia, 
where he continued his geological work.’ Then came 
the juicy bit. Wilson continued: ‘But he was a marked 
man, and in the early 1920s the long arm of the Bolshe¬ 
viks reached out to him in Australia and he was elimi¬ 
nated. There cannot be many cases of leading mining 
men suffering political assassination.' 

Altogether this seemed worth following up. 
Something like an assassination would surely be 
newsworthy, and what about his geology? 
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CAPTAIN EUGENE de HAUTPICK IN RUSSIA 

Despite a search by Russian colleagues no completely 
substantiated information has come to light about de 
Hautpick’s early life and education. An internet search 
indicated that the name is rare and only associated 
with the subject of this paper. He was probably born in 
Russia into a reasonably upper-class family possibly 
in the late 1870s. Vallance (1995), on no identifiable 
evidence, suggested he was bom about 1886, but in¬ 
formation presented below does not support this. Dr P. 
Komarowcr (pers. com. 2006) pointed out that the 
name is not Russian, and that his family might origi¬ 
nally have been French, de Hautpick appeared to have 
been educated for the Army, but in some sort of tech¬ 
nical role. On a number of occasions he placed the fol¬ 
lowing letters after his name: M.l.R.E. and M.R.E.S., 
which are probably the western equivalents of'Mem¬ 
ber of the Institute of Russian Engineers’, and 'Mem¬ 
ber of the Russian Engineering Society’. 

Further information came from a relatively un¬ 
likely source, the Adelaide afternoon daily paper The 
News, 19/12/1927, which seems to have been a rather 
more sympathetic reviewer of the Captain’s abilities 
than was Sydney-based Smith s Weekly about the same 
time (see later). The News stated that de Hautpick 'T. 
R.E., M.R.E.S., F.G.S.’ received his education at the 
Imperial Engineering School, Petrograd. Again, like 
the letters afier de Hautpick’s name this School’s name 
does not make the institution immediately identifiable 
to a westerner. Timoshenko (1956) docs not mention it 
in his fairly long review of Russian engineering edu¬ 
cation, concentrating on the formation of the 'Institu¬ 
tion of Engineering of Ways of Communication’, 
founded in 1809 with strong French influences. Other 
establishments he discussed were (a) the 'Engineering 
College of the Department of Post and Telegraph of 
Russia’ begun in 1886 and reorganised in 1891 as the 
'Imperial Institute of Electrical Engineering’, and (b) 
the St. Petersburg Polytechnical University, founded 
in 1899. Although, because of its date of formation, 
the former is possible, it does not reflect de Hautpick’s 
later interests, and the latter was established too late. 

Website sources (e.g. Guzeeva 2007) suggest 
that the most likely place of study was the Russian 
Army’s School of Military Engineering, St. Peters¬ 
burg, established about 1820 in the Mikhailovsky 
Castle (and later named the Nikolayevskaya Engi¬ 
neering Academy) in Sadovaya Street (it is now a 
museum). Among distinguished alumni were the 
writer Feodor Dosteovsky (1822 - 1881), between 
1837 and 1843, and the composer Cesar Cui (1835- 


1918), who held the post of Professor of Fortifica¬ 
tions. To some degree, of course, de Hautpick 
clouded the issue by referring to the city as ‘Petro¬ 
grad’ a term which only became official about 1920 
(some sources suggest the name was used from 1914 
when anti-German feeling was strong). I lowever the 
name 'Petrograd' was short-lived, being replaced by 
‘Leningrad’ in 1924 (Charnock 1960: 84) In view of 
de Hautpick’s later Army activities this seems his 
most likely place of education. 

EXPERIENCE IN USA AND THE 
RUSSIAN ARMY 

The News article (Anon. 1927a), continued that de 
1 lautpick went to the USA investigating ‘the oilfields 
in Pennsylvania, West Virginia and Ohio’. It adds ‘at 
the same time he studied under Professor James 
Kemp in Columbia College, New York and Professor 
Edward Orton at the Ohio State University’. If the 
U.S. information is correct it gives us a span of time 
within which de Hautpick must have visited that 
country. Kemp (1858 - 1926) moved to Columbia 
University [not College] from Cornell in late 1891 or 
early 1892 (Sarjeant vol. 2. 1980: 1433), although he 
seems to have been more interested in metallic ores 
than oil. Orton’s death in 1899 (born 1829) (Sarjeant 
vol. 3, 1980: 1826) clearly placed de Hautpick’s 
American period before the end of the nineteenth 
century, when one assumes he would have been 
about twenty. Concurrent with his University post, 
Orton was also State Geologist, although this post ef¬ 
fectively ended in 1893 (Hansen & Collins 1979). 

As a youthful geologist, in Russia, one might 
have expected de Hautpick to have attended the In¬ 
ternational Geological Congress held in St. Peters¬ 
burg in 1897, but he is not among the registrants. 
Although such a meeting might have seemed rather 
too prestigious for a young geologist to attend, his 
absence gives perhaps slight additional weight to the 
idea that he might then have been in North America. 

Although his military status was later questioned in 
Australia, accused of being a self-styled ‘Captain’ 
(somewhat akin to more recent famous 'Kentucky colo¬ 
nels’) (Wilkinson 1991: 2, 29 & 463, based largely on 
Anon., Smith’s Weekly 1922, 1927), there is little need 
to doubt that de I lautpick had reached the rank of Cap¬ 
tain, particularly if his reported one-time membership 
of the Czar’s General Staff can be believed. The only 
known portrait (de Hautpick 1916) shows him in uni¬ 
form with a clutch of medals (Fig. 1). 
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Fig. I. Captain Eugene de Hautpick (The Mining 
Journal, 7 October 1916). 


The News article (Anon, 1927a) tells us further 
that between I9l4and 1917 de Hautpick was a‘field 
officer in what was known as the Eighth Army of 
General Broussilov’ (Brussilov), countering the Ger¬ 
man offensive in the Carpathians. Another source 
(Anon. 1921) set the time of his army assignment 
more closely, putting it as from May 1915 to October 
1916. Although he is not identified it is possible that 
de Hautpick appeared in the background of the first 
plate of Brussilov’s book (1930) dealing with his in¬ 
volvement in the Great War, which showed a meeting 
between Czar Nicholas and the Russian Generals. 
The army occupied Galicia and Rumania and took 
control of the oilfields there. De Hautpick was in 
charge of (re-)building the railroads in the region, 
and ‘harnessing the oil to run the engines’. He was 
apparently ordered to set fire to the oil installations 
at ‘Drokobich’ when the army departed this region, 
more than six million barrels going off in one day, 
followed next day by a fall of artificial black rain. 

All this seems to have been substantially true, 
and the leader article in the Mining Journal of 29 


January 1921 summarised de Hautpick’s professional 
activities, perhaps with a rather too broad brush stat¬ 
ing that he ‘was intimate w ith a large part of the vast 
Russian Empire, familiar with Court and official life, 
widely travelled in Western Europe and America, 
and had campaigned on the Western Front’ [the last 
named would almost certainly have been on the Al¬ 
lies’ Eastern Front] (Anon. 1921). 

From 1916 until at least November 1919 de Hau¬ 
tpick was based at Odessa. Following the Bolshevist 
Revolution of 1917 apparently, because of his pro¬ 
fessional expertise, lie was put to work on the oil¬ 
fields of Crimea, and as a member of the public 
service was ‘not subjected to persecution’, de Haut¬ 
pick believed the Crimean fields were the ‘best in 
Russia because they were only five miles from a sea¬ 
port’. However lie later stated (dc Hautpick quoted in 
The News, 19/12/1927 (Anon. 1927a)) that the po¬ 
tential of the Baku field was greater, although it had 
been greatly affected, as far back as 1905, when a 
long strike stopped production, and large quantities 
of water flooded into the system. None the less he 
also Iclt that the large inner Russian fields would 
suffer for many years because they were so far from 
shipping. 

Was he also ‘a prominent mining geologist”? We 
can assess this question by looking at his published 
work, particularly in the period when de Hautpick 
was working in Russia as correspondent for the Eon- 
don-based Mining Journal. His writing for this pub¬ 
lication would certainly have given him some 
prominence, but docs it also indicate his competence 
in the matter of mining and geology, particularly of 
oil? 

The answers to these questions are reasonably 
positive. They arc particularly answered by an exam¬ 
ination of his 1910 publication the General Geologi¬ 
cal Map of the Maikop Oil Fields, published by 
Edward Stanford, London (de Hautpick 1910b). 
However it apparently did not gain large circulation 
until 13 January 1912, when it was mentioned in the 
Mining Journal (dc Hautpick 1912). Two months 
later the English oil expert, Cunningham-Craig, gave 
it his imprimatur, noting that it had been prepared 
from field observations, but could have been im¬ 
proved by showing more dips (Cunningham-Craig 
1912). 

According to a comment by de Hautpick in a 
pamphlet he published in Adelaide in 1928 (de Haut¬ 
pick 1928a) he was already involved in journalism 
writing ‘several economico-geologic studies on Ra¬ 
dium published in Russian periodicals from 1903 to 
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1917’. He may have begun his English-language 
journalistic work as early as 1907, as suggested by 
Wilson (1979). but many articles on Russian mining 
and geology in the Mining Journal at this time are 
un-attributcd. However he was certainly a major con¬ 
tributor by late in 1910 and early 1911, writing on 
the important Maikop field, but diverting in Febru¬ 
ary - March 1911 to discuss the Platinum occur¬ 
rences in Russia, and the Search for Radium in 
Russia (see de Hautpick 19IOa,b, I911a.b,c,d) fol¬ 
lowing immediately after two articles by Douglas 
Mawson on radium and sapphires in South Australia 
(Mawson 191 la,b). 

There were no articles published between July 
and December 1911, and he was possibly travelling in 
the vastness of Russia, as it was then, perhaps again 
to the United States, or even doing military service. 

Late in 1911 de Hautpick was involved in a publi¬ 
cation A Complete Statement of the Russian law as it 
affects the location and working of oil properties on 
the fields, with an Introduction by E. de Hautpick, I. 
R.E. (de 1 lautpick 1911 e). It is uncertain who was the 
author of the original article, presumably in Russian. 
It is unclear, also, whether de Hautpick was also re¬ 
sponsible for the translation, but the British Library 
Catalogue implied that he was, with the Mining Jour¬ 
nal being the publisher almost definitely affirming 
the complete authorship. In a long letter to The Times , 
L. Rastorgouceff (1911), ‘Sworn Advocate of the 
High Court of Karkoff (Russia)’ also implied that he 
(de Hautpick) was the author. RaslorgoueePf pointed 
out what he regarded as many serious errors and 
omissions in the translation, particularly in the omis¬ 
sions which dealt with whether foreigners might be 
permitted to undertake oil production in Russia, and 
the complications which occurred because of differ¬ 
ent laws applying in the Cossack lands. While Ras- 
torgoueeff implied that de Hautpick was loose with 
the facts he is careful not to accuse the latter of out¬ 
right deception. Whether de Hautpick was just care¬ 
less with the facts, or was misleading possible 
investors is uncertain, but there is more than a hint of 
this in his later dealings in Australia. RastorgoueefT 
damned the publication with his final faint praise, 
writing ‘the book, however, has its qualities as well as 
its defects. The “get-up" is excellent, the paper good, 
and the blue cover, decorated with the gold Russian 
Eagle, very pretty. The price, 5s. seems rather high, 
perhaps, for such merely external advantages.’ 

From December 1911 through 1913 there were 
many more articles by de Hautpick covering the full 
range of mining, including the radioactive ores, but 


with the emphasis on oil, including the increasing in¬ 
cidence of labour strikes, and front this time de I lau¬ 
tpick certainly concentrated his attention largely on 
the oil industry (de Hautpick 1912, 1913a-k). 

In September 1912 de Hautpick was on the 
Maikop field in the north Caucasus having travelled 
from the Ural-Caspian region through Aslrakan, 
Petrovsk and Grozny. At the last named he was able 
to see the enlargement of the field following signifi¬ 
cant discoveries from 1910, lifting it to comparison 
with the famous Baku Field. 

If the article of 23 August 1913 on The Russian 
Oil Industry is by de Hautpick (1913c:801), he 
showed considerable sympathy from a supposed 
aristocratic person for the workers’ lot, when, com¬ 
menting on the Baku Field, lie wrote: ‘the workers 
have just claims: As we know that the controlling 
power of the Russian petroleum industry belongs to 
the Deutsche Bank, docs it not appear that this petro¬ 
leum crisis is an artificial creation of Berlin for its 
political ends?’ 

Politics (and probably army assignments) began to 
interfere with his journalistic endeavours between July 
and December 1914, when no articles by de Hautpick 
were forthcoming. It was the same between May 1915 
and August 1916 when de Hautpick was certainly in¬ 
volved in the Carpathian offensive as discussed 
above. 

de Hautpick’s activities during the turbulent time 
in Russia are not easy to determine, and we next hear 
of him in August 1917 in Odessa. Here he seems to 
have stayed for the next few years. Although condi¬ 
tions had been difficult, in October 1919 he was feel¬ 
ing positive, since he had ‘passed through hard days 
under the yoke of the Bolsheviks and the Germans' 
(de Hautpick 1919), and that Russia was ‘in a firm 
way to recovery’. The Mining Journal 13 October 
1919 (Anon, (presumably Scott) 1919) editorialised 
on ‘the pleasure which we have experienced in hear¬ 
ing again after so long an interval from our Russian 
correspondent, Mr. E. de Hautpick, whose fate has 
been a matter of anxiety to us for a long time past.’ 
The editorial went on to praise de Hautpick’s article 
‘Russian resurgens’ (de Hautpick 1919) ‘for its mas¬ 
terly analysis of the complex which has produced 
what we call Bolshevism, and still more for the con¬ 
fidence with which he speaks of the future.’ It was 
not until mid 1920 that de Hautpick left Russia, 
probably never to return. He apparently moved first 
to Constantinople, being there in January 1921 and 
also in September 1921. Whether he was elsewhere 
between these dates is uncertain. 
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As suggested by Wilson (1979) in 1921 de Haut- 
pick (1921a,b) wrote the articles which possibly 
prompted the anger of the Bolsheviks. There are two 
noteworthy articles. The first appeared in the Mining 
Journal on 29 January 1921. An editorial in the Min¬ 
ing Journal refers to it as ‘Bolshevism without frills', 
stating that de Hautpick’s analysis shows ‘nothing of 
passion, no suspicion of colouring of the facts; it is a 
quiet scientific analysis of the monster’s growth, in¬ 
credible yet actual’. The second article, dated 25 June 
1921 is entitled ‘The Bankruptcy of Bolshevism’ (de 
Huatpick 1921b). His final article (possibly intended 
as a series) of 10 September 1921 is a pessimistic re¬ 
port on ‘Russia’s Oil Industry Today’ (de Hautpick 
1921c). Did these articles inspire threats against de 
Haulpick? It is possible, and it might just have in¬ 
spired de I Iautpick’s decision to visit Australia. 

Another possible stimulus might have been the 
growing interest in exploration for oil in Australia 
prompted in January 1920 by the Commonwealth 
Government offering a reward of £10. 000 for the 
discovery of a payable oil deposit anywhere in Aus¬ 
tralia. The value of the reward was increased later to 
£50, 000 (White 1922). 

de HAUTPICK’S FIRST AUSTRALIAN VISIT, 
1921 - 1924 

A letter of introduction from Baliol Scott (see below) 
indicated that de Hautpick was in London in late 
September 1921 and would leave shortly for Aus¬ 
tralia. The letter, sent from E. Baliol Scott, Editor 
The Mining Journal 15 George St, The Mansion 
House, London, E.C. 2, dated 26 September 1921, 
was addressed to the Secretary for Mines, Mines 
Dept, Hobart. Tasmania (Scott 1921): 

Dear Sir, I am taking the liberty herewith of in¬ 
troducing Mr. E de Hautpick, who has been our 
special Russian correspondent for many years, 
and who is making an extended geological trip to 
Australia with a view to studying its mineral re¬ 
sources, more especially in connection with the 
oil industry. 

Mr. de Hautpick’s contributions through the 
Journal to the literature of oil, platinum and the 
associated metals and the nascent fields of ra¬ 
dium investigations arc probably well known to 
the specialists in your department, and I venture 
to hope that any assistance that you may feel dis¬ 
posed to accord to “The Mining Journal" may be 
placed at his disposal. 


His visit I hope may result in some interesting 
appreciation of the potentialities of Australia as a 
mining country in the future, and anything lie 
writes is 1 know widely read throughout the world. 
Australia in the past has been so important a con¬ 
tributor to the mining industry that we naturally 
hope that the future may see a restoration of its 
fortunes in that respect, and to that end I hope that 
Mr de Hautpick’s tour will not be without value. 

The Commonwealth Government has very 
kindly made an exception to their rule of exclud¬ 
ing Russian subjects from the Commonwealth by 
granting a special passport, and any assistance 
which you can give him will be as much appreci¬ 
ated by him as by ourselves. 

Scott clearly believed in de Hautpick’s compe¬ 
tence, and had reason to feel that he might help lift the 
Australian mining industry, which, in relation to the 
metals, at the time was certainly in the doldrums. In 
addition there was a stirring of interest in the possibil¬ 
ity of oil occurring somewhere in the vast continent, 
exemplified by the government reward mentioned 
above (sec for instance Wilkinson 1988, 1991; Brana- 
gan 2005: 374-380). 

It seems likely that Scott wrote similar letters to 
the mines departments in the other states (such is 
hinted at in a letter from Stanley Hunter (1922) to 
Loflus Hills (1922) (sec later), but no such missives 
have been located. 

Scott contacted at least one of his friends (and 
former fellow student at Cambridge) Hartwell Con¬ 
dor (1869-1937) a mining engineer (Gibbney & 
Smith 1987), who accepted Scott’s information. He 
wrote (Condor 1921) from Strahan on Christmas 
Eve, 1921 to the then Tasmanian Minister of Mines 
(Sir Elliott Lewis) [Lewis was Minister until June 
1922]: 

introducing Mr. E de Hautpick out here in 
Australia studying the geology of our country 
with special reference to the possibilities of oil. 
Mr. de Hautpick is closely connected with the 
Mining Journal of London, the Editor of which 
(Mr. Baliol Scott) is a friend of mine, and he 
comes here with strong recommendations from 
Mr. Scott to me and to others. Mrde Hautpick has 
a wide experience of oil fields both in Russia and 
elsewhere and has written most instructively upon 
them. I think you will agree that it will be to our 
advantage in Tasmania at present to provide him 
with every facility for studying the conditions 
here from the point of view of the possibility of 
oil. With all good wishes for the New Year. 
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About the same time (13 February 1922), A.B. 
Bryan, Acting Secretary for Mines (Tasmania) wrote 
to Clive Loftus Hills (1885 - 1967), who was then 
director of the Geological Survey of Tasmania, pass¬ 
ing on the introduction of: 

Mr. E. de llautpick, Oil Geologist and Member of 
the Russian Engineering Society, at present on a 
visit to Australia, who called upon me this morn¬ 
ing & whose credentials are presented in the ac¬ 
companying letter (copy) from the editor of “The 
Mining journal”, London, which I received from 
Mr dc l lautpick on the I9' h ultimo. 1 shall be 
pleased if you will render Mr. de Hautpick any 
assistance which lies in your power. 

Thus de Hautpick had a warm welcome from 
politicians and top officials, but his welcome, not 
long in the future, was to prove less elTusive from 
the geological fraternity. 

His arrival was recorded in Chemical Engineer¬ 
ing and Mining Review on 5 February 1922 (Anon. 
1922d: 140): 

To report on oil prospects in Tasmania & WA. 
Captain Eugene dc Hautpick, a Russian mining 
engineer and geologist is visiting Australia. Last 
month he was commissioned to report on the 
leases of the Victas Oil Co. (oil shale) at Latrobc, 
Tasmania and is shortly proceeding to Western 
Australia for the South-Western Oil and Shale 
Co. He has contributed an article “Commercial 
Oil in Australia" to a Victorian weekly [See de 
Hautpick 1922a], which is prefaced with the 
statement “below the surface of this vast conti¬ 
nent there undoubtedly exists a sea of petro¬ 
leum”. In view of this his opinions will be of 
considerable interest to Australian geologists. 

I have not been able to clarify the exact sequence 
of events and timing which link dc Hautpick with the 
Victas Oil Company. Although the company was 
drilling at Latrobc by 5 January 1922 (Victas 1922) 
the company did not apply for registration by the 
Tasmanian Department of Mines until 20 February, 
1922 (Tasmanian Archives AB948/1/244 (Min 
66/1/1819)) for ‘oil prospecting and development on 
the Latrobc Racecourse’ with a licence to search 20 
acres, a small allotment indeed (and a site which 
might not have enthused the local punters!), and it 
appears that dc Hautpick had already visited the area 
by that time. 

There were almost certainly links between the 
Victas Company and another set up about the same 
time, the Mersey Valley Oil Company Ltd, which ap¬ 
plied for a licence to search 1000 acres nearby. The 


Adelaide Exploration Company was also vigorously 
promoting its activities in Tasmania, at that time, in¬ 
cluding a strong attack on the attitudes of Loftus 
Hills concerning oil possibilities in that state. 

The next issue of the Chemical Engineering and 
Mining Review, 5 March 1922 (Anon. 1922c), told 
us that ‘Captain dc Hautpick, who is a member of 
the Russian Engineering Society, had recently vis¬ 
ited Tasmania. It went on to give de Hautpick’s opin¬ 
ions about terrestrial vegetation, rather than marine 
flora as the source of oil. together with comments on 
faulting, matters which he had expounded on in a 
scries of articles in the Industrial Australian and 
Mining Standard (de Hautpick 1922a,b,c) and virtu¬ 
ally repeated in the Mining Journal (de Hautpick 
1922d-f). 

However the local geologists were keeping an 
eye on matters. Loftus Hills and Stanley Hunter 
(c. 1864 - 1942) of the Victorian Geological Survey 
were good friends, who had served together in the 
Australian Tunnelling Corps in France in World War 
I, both working closely with then Major Edgeworth 
David, one of the founders of the Corps (Branagan 
2005). 

They kept in touch by letter, and several have 
been preserved. 

Hunter wrote to Loftus Hills on 20 May 1922 
(Hunter 1922): 

Dear old Rard, Enclosed you will find some “in- 
terestin literatur” hold a scale across the lines 
and watch for synchronization ‘ot aint it. I hope 
you will arrange with your “Press” to publish it, 
and send a few copies this way and one to the 
Argus specially marked. 

Kindest regards. 

Stanley Hunter. 

[P.S.] He evidently also used Twelvetrees’s 
plan and section Bulletin No. 11 but did not ac¬ 
knowledge [W.ll. Twclvetrees (1848-1919) was 
a former Government Geologist of Tasmania] 
(Twclvetrees 1912). 

Accompanying the handwritten letter (and P.S.) 
is a typewritten four page document headed ‘Oil 
Companies’ Reports Peculiar Coincidences’. 

Extracts from a report included in the Prospectus 
of the Mersey Valley Oil Co. Ltd. are then compared 
with Four Extracts of various lengths from a well- 
known text-book by Cunningham-Craig (1920: 113, 
115. 133, 314 [first published in 1912, it was then in 
its fourth edition, with a Russian translation on the 
way]), and a very long extract from a paper by an 
American geologist D. White. This was Charles 
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David White (1862 - 1935) pioneer of oil explora¬ 
tion for the U.S. Geological Survey (Sarjeant 1980: 
2414-15). The Extracts from the Prospectus in most 
cases were identical with the identified original texts 
with an additional extract from Myron L. Fuller 
(1920: 235) (which is in fact acknowledged to some 
extent). However a final comment by Fuller, which 
did not accord with de llautpick's ideas was judi¬ 
ciously omitted (Anon. I922f:3). 

Loftus Hills (1922) replied on 23 May: 

Dear Comrade, 

I must thank you for the trouble you have 
gone to in sending me a digest of llautpick’s pla¬ 
giarisms. I appreciate what you have done in this 
matter very greatly, and the information you have 
now sent me will be very valuable. I am now 
well-armed and the process of the final killing 
when he comes like a lamb to the slaughter will 
be entertaining. 

1 hope to be able to reciprocate in some way 
to you before very long. I am quite looking for¬ 
ward to my visit to Melbourne. Again with very 
many thanks and much appreciation. 

[My copy of this letter is typewritten and un¬ 
signed by Loftus Hills, but with his title as Director 
at the bottom.] 

dc llautpick’s plagiarisms, as recounted above, 
received some newspaper publicity. Smith's Weekly 
(Anon. I922f 30 December) in an article entitled 
‘How to write a Prospectus, Way the Oil Experts do 
it’ went to the trouble of setting out the prospectus 
and alleged sources for direct comparison. However 
it had to admit that the extracts were not identical: ‘in 
the prospectus there is a semi-colon after the word 
‘flexures’ while in the text-book there is a full-point’. 
The article included a niggle ‘as to whether the Cap¬ 
tain holds military, naval or mining rank'. 

At this time ‘Oil Boomers’ were gaining promi¬ 
nence in Australian cities. Twenty one oil prospect¬ 
ing companies were formed in Victoria in 1921 
(Anon. 1922b). Prospectuses taking up double col¬ 
umns were plentiful in Melbourne papers, often 
based on imagination, one advertisement claiming 
the company had ‘struck oil’, while another pro¬ 
claimed, for its advantage, the use of a divining rod 
boiled in petroleum! 11.C. Maddison’s article (11 No¬ 
vember 1922) ‘Petrol for profit’ said that government 
geologists were being quoted, without having given 
any interviews or having made comments, in support 
of various groups. He ended by writing ‘an inde¬ 
pendent cable sent abroad enquiring into the creden¬ 
tials of an alleged expert brought the reply that he 


should be treated with the greatest caution’. Al¬ 
though de Hautpick is not named here, the same 
comment was made in direct reference to him when 
he arrived back in Australia in late 1927. Neither the 
Australian requester nor the receiver, probably in 
England, of this query has been identified. One might 
speculate that the reply could have come from some¬ 
one associated with the rival mining journal with 
which the Americans Herbert Hoover and T.A. Rick¬ 
ard were associated. This journal had indicated that it 
felt the Mining Journal was rather too close to many 
companies and tended to ‘puff’ their results and en¬ 
courage speculation, rather than dealing with the re¬ 
ality of mining (Wilson 1979). 

Several months earlier Loftus Hills had vented 
his frustration about the way the oil search was being 
carried out. He wrote to the geologist Sir Douglas 
Mawson (Loftus Hills 24 March 1922, in Bacon 
1994: 5) ‘... the boomsters have taken up a lot of our 
time. They arc an awful nuisance. This latest arrival 
(dc Hautpick) is of Slavonic origin and temperament 
and is evidently out to have flutter for a few months. 

I do wish I could receive a hundred guineas a week 
for geological examinations’. Loftus Hills found de 
Hautpick’s prospectus for the Mersey Valley Oil 
company ‘very entertaining and would regard it on a 
parallel with Punch as a source of humour if it was 
not for the fact that money badly needed for other 
purposes is going to be expended with no hope of 
getting the results expected’. 

Unfortunately for Loftus Hills his opposition to 
de Hautpick clashed with the interests of his new 
minister, E.F. Blyth, who was a director of the Ad¬ 
elaide company interested in locating crude oil in 
Tasmania. Loftus Hills’ stand was criticized in the 
Industrial Australian and Mining Standard by an 
anonymous letter writer (Survey 1922). The follow¬ 
ing year, after an inquiry into the Geological Survey 
of Tasmania, which exonerated Loftus Hills, but saw 
him demoted, he resigned (Banks 1986). 

Matters apparently did not go well for de HaUt- 
pick over the next year or so. In November 1923 The 
Chemical Engineering and Mining Review (Anon. 
Nov. 5 1923: 52) had to report: 

Captain de Hautpick who staked his reputation 
on oil being struck by the Mersey Valley Co., 
Latrobe Tasmania has resigned his position as 
consulting engineer to the company. The dia¬ 
mond drill which replaced the percussion drill 
owing to the extreme hardness of the rock, went 
down 640ft. when drilling was stopped, the con¬ 
clusion being that it was futile to bore further in 
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igneous rock obviously of deep-seated origin. 
After consulting with Mr. A. McIntosh Reid, 
Government Geologist, another bore site has 
been selected. 

McIntosh Reid, who had essentially replaced 
Loftus Hills, was more sympathetic to the possibili¬ 
ties of oil in Tasmania (and elsewhere in Australia) as 
seen from his encouraging reports, such as for off¬ 
shore Bruny Island (Reid 1929) and southeast South 
Australia (Reid 1931), although his reports were 
cautious. As Bacon et al. (2000) wrote: Reid ‘did try 
to be objective, at ieast part of the time’. For details 
of the Tasmanian activities of this period, which in¬ 
volved search for both liquid oil (and gas) and oil 
shale, see Bacon (1994, 1996), and Bacon et al. 
( 2000 ). 

Appendix 2 of Bacon et al. (2000) indicated that 
the Mersey Valley Company drilled nine holes (six in 
1922, three the following year) (Fig. 2) for a total 
depth of 1759 m, a not inconsiderable effort. The last 
hole was the deepest. 351 m, the fifth the shallowest, 
59 m, entering Early Palaeozoic rocks. So it is clear 
that, although the drilling was certainly premature, 
relative to knowdedge of the geology, the company 
was making a serious attempt at oil search. One of 
the bores was at the Latrobe Racecourse, reaching 
305 m, again an indication of a link with the Victas 
Company. Appendix 2 made it clear also that the 
Mersey Company looked at a number of localities, 


even including a 3200 acre lease at Strahan in west¬ 
ern Tasmania, but no drilling was carried out there. 
However the Mersey Valley Oil Company also had a 
lease in southeast South Australia, where dc I laut- 
pick was involved with another company. How much 
de Hautpick was involved in all the operations is still 
not clear. 

As a matter of interest Appendix 4 (Tenements) 
of Bacon et al. (2000) lists a G.D. Mendell, and a 
G.D. Meudall (presumably the same person) as an¬ 
other lease-holder in the Mersey Valley-Latrobe re¬ 
gion in 1922. This is almost certainly the entrepreneur 
George Dick Meudell (I860 1936) who pursued, 

for some nineteen years, an attempt to establish an 
Australian oil industry (Langmore 1986; Wilkinson 
1991) as told briefly in inimitable fashion in his ‘un¬ 
inhibited’ autobiography, which caused quite a 
ruckus when published in 1929 (Meudell 1929). Fur¬ 
ther details can be found in Meudell (1925). 

Interestingly, in view of the dismissive comment 
above about the drill penetrating ‘igneous rock of 
deep-seated origin’ Bacon et al. (2000, mainly table 
5) pointed out that the dolerite sills of Tasmania 
could be potential seals for oil reservoirs, and that 
during intrusion might well have acted as heat 
sources to convert carbon-rich sources to oil (the 
‘maturation’concept). Nonetheless, apart from minor 
oil shale production, the search for oil in Tasmania 
has proved fruitless. 
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Fig. 3. The Coorong Region, southeast South Australia (J.B. Firman, South Australian Department of Mines). 


Although Loftus Hills did not take any part in an 
assassination attempt on de Ilautpick, there arc 
claims that irate speculators who had fallen for the 
Russian’s enthusiastic promises about oil possibili¬ 
ties in Tasmania were more than a little enraged by 
their losses when the shares took their final down¬ 
ward plunge. He must have been persuasive as the 
then Prime Minister, William Morris (Billy) Hughes 
apparently invested £5000, a not inconsiderable sum. 
Smith's Weekly (Anon. 10 December 1927) com¬ 
mented that ‘Hughes’s remarks to the Russian “ex¬ 
pert”, when he discussed his loss, were supposed to 
have been almost worth the money’. 


THE COORONG, SOUTH EAST 
SOUTH AUSTRALIA 

Despite his failure to locate oil in Tasmania dc Ilaut- 
pick does not seem to have been too daunted. I le had 
already turned his attention to South Australia where 
there had been talk of oil seeps and other evidence 
for many years. The Coorong (Fig. 3) had, in fact, 
been the site of Australia’s first below ground search 


of oil, back in 1866, when a shallow hole, 7.6 m, was 
dug near Salt Creek (O’Neil 2002). A ‘real’ drill hole 
was sunk between 1881-83 and there were sporadic 
attempts over the following years (Lewis 1983). 

In 1875 John Baptist Austin (1827-1896) minis¬ 
ter of religion and mine agent, (Vallanee 1995) re¬ 
ported ‘a remarkable deposit on the surface of the 
ground ... this deposit is supposed to be petroleum, 
hardened by some means into a substance resem¬ 
bling India rubber’ found in south-eastern South 
Australia (Mining Journal. 2 October 1875, no page 
reference) quoted by O’Neil, 1982, p. 140, footnote 
84. This is what became known as coorongite. 

de Hautpick plunged straight into the coorongite 
controversy - centred on the origin and significance 
for oil search of the material found in the swampy 
Coorong district of South Australia. There are two 
main sources of de Hautpick’s ideas about the region. 
They are (a) the report he wrote for the Coorong Oil 
Company, an Adelaide -based company (dc Haut¬ 
pick 1923a), and (b) an article in the Mining Journal 
(dc Hautpick 1923b) which follows the report very 
closely. Both articles pushed de Hautpick’s conten¬ 
tion that ‘coorongite’ [Botryococcus braunii], the 
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substance found in the Coorong Lakes, was ‘similar 
to the “paraffin dirt” of the Texas and Louisiana oil¬ 
fields’ ... and ‘must be defined as a bitumen’. 

de Hautpick did acknowledge that there were 
eminent scientists who disagreed with him, and who 
maintained that the material was of local direct sur¬ 
face vegetable origin. However he dismissed these 
opinions saying that they depended only on labora¬ 
tory examination, and that none had actually exam¬ 
ined the material in situ, as he had done, de I lautpick 
pointed out that thick accumulations of coorongitc 
had formed during periods of exceptional rainfall, at 
the end of 1865 and not again until 1920. He sug¬ 
gested that with the rains ‘the hydrostatic pressure of 
the artesian basin acquired power to force petroleum 
in large quantities to the surface through the fissures 
of the faults.’ This is not entirely ridiculous. There is 
rising groundwater with artesian head in this area 
de Hautpick linked the accumulation of cooron- 
gite with alleged oil seeps in the region, such as one 
he had discovered ‘south of the deposits of cooron- 
gite, and not far from the mouth of Salt Creek’, and 
with data about the composition, so that ‘it must be 
classified as a special type of bitumen’. He wrote 
concerning the chemical analysis (quoting results by 
E. Clarence Wood, an Adelaide chemist): ‘we find 
(per ton): motor spirit 22 gallons, medium oil (illu¬ 
minating and lubricating) 59 gallons, heavy oils (lu¬ 
bricating) 23 gallons, heavy vaseline oils 65 gallons, 
tar 44 gallons, coke (battery carbons) 230 lbs. per 
ton’. He added ‘a notable feature observed during 
the fractionating of the oils from coorongitc is their 
remarkably regular gradation in the density of the 
fractions ... a fact that shows that the oil from co- 
orongite consists of an intimate mixture of paraffins’ 
(de Hautpick 1923b). There is no doubt that petro¬ 
leum products could be obtained from coorongitc, 
but its distribution was very limited and it was not 
derived from underground sources. 

Despite the dismissive comments of Wilkinson 
(1988, 1991) about de Hautpick’s ideas about co¬ 
orongitc he had been supported to some degree by 
Henry Basedow 1915, a well-accredited geologist, 
who believed coorongitc could be a source of crude 
oil. Also H.l. Jensen, another geologist, and a former 
student of Edgeworth David, after visiting the area 
seems to have held the same opinion (Jensen 1924). 
However, one of Mawson’s students, a local chemist 
cum geologist, A.B. Broughton (1889- 1955) had al¬ 
ready carried out the then most comprehensive study 
of coorongite (Broughton 1920), and concluded that 
it was truly of vegetable origin. Incidentally 


Broughton made very detailed studies of Australian 
radioactive substances (Gibbney & Smith 1987) and 
might conceivably have been in contact with de Haut¬ 
pick when they were both in Western Australia. 

The South Australian Government geologist, 
L.K.. Ward (1944) was not enthusiastic about the pos¬ 
sibilities of oil or gas deposits in the state, so was not 
popular with many of the prospectors and companies 
carrying out exploration (or in some cases, just plug¬ 
ging their leases). Edgeworth David, Ward’s former 
teacher, visited the southeast of the state in 1921 
with Ward and was also uncnthusiastic about the 
possibilities, and questioned de Hautpick’s concepts 
about the origin of coorongite. David said coorongitc 
was ‘a kind of vegetable scum, which occasionally 
fills up dried swamps ... the scum decomposes into a 
substance which outwardly resembles oil, and this 
solidifying forms the India-rubber like coorongite. It 
is a surface vegetable product, and there is no evi¬ 
dence therefrom of deep-seated [oil] deposits’. (Col- 
yer 1974). 

According to Wilkinson (1988:7), David ‘was 
treated to verbal abuse for his observations. People 
preferred the views of other ‘experts’ such as C.E. de 
Hautpick, described as an eminent Russian oil geolo¬ 
gist and engineer who likened the coorongite ‘field’ 
to the Texas finds and said that it should produce 
identical results’. 

Mawson was another to flirt with coorongitc and 
its possible relation to oil. working with the English 
oil expert Washington Gray (1899-1962) in the 
1930s on the nature of the bituminous ‘coorongitc’, 
but ‘nothing came of it’ (Ayres 1999: 235). 

de Hautpick made a number of conclusions based 
on his chemical ideas, and on others about the geo¬ 
logical conditions (age of the strata and structural in¬ 
formation). and recommended boring works ‘on the 
sites marked on the plan’, by ‘some leading Austral¬ 
ian Drilling Company’. The company put down three 
holes, near Alfred Flat, but no hydrocarbons were re¬ 
covered. Nevertheless, later companies were enthusi¬ 
astic about the area and at least one, The Enterprise 
Oil Prospecting Company (AylilTe 1932), took note 
of what de Hautpick had done, using his drill data to 
suggest that the Enterprise drill site was located on 
the limb of an anticline. 

Although Reid (1931) did not mention de Haut¬ 
pick personally, nor the Coorong Company, lie in¬ 
cluded one bore ‘3V between Mumbannar and 
Gambier’, put down by the Mersey Valley Oil Com¬ 
pany, probably in 1923. This bore reached over 300 
m, penetrating limestones, coaly beds and dark 
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Fig. 4. Oil geological sketch map of Australia (Thu Mining Journal. I November 1924). 


brown shale, but without showing signs of petro¬ 
leum. However he pointed to some of the informa¬ 
tion the companies gathered, the possibility of 
oil-bearing sands in either shallow Tertiary beds, or 


the deeper, thicker rocks of Trias-Jurassic age of 
what became known as the Otway Basin. O’Neil 
(2002) pointed out that this basin is still relatively 
unexplored but a commercial gas field was discov- 
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ercd offshore, near Port Campbell, Victoria in 1979. 
Oil fields have also been located more recently, with 
significant South Australian finds in 1998 and 1999. 

WESTERN AUSTRALIA 

de Hautpick spent some time in Western Australia. 
At least part of his time there was spent courtesy of 
the South-Western Oil and Shale Company, which, 
being short of cash, raised several thousand pounds 
in a special share sale to pay dc Hautpick's expected 
bill for six weeks at ‘about £100 per week’ (Anon. 
1922c). His report on oil possibilities on the coastal 
strip (de Hautpick I922h), like many of his Austral¬ 
ian reports is a mixture of useful topographical and 
geological information combined with a considera¬ 
ble amount of‘waffle’. However he clearly took the 
trouble to pick the brains of the locals, ranging from 
the Minister for Mines (identified as ‘Skaddcn’, but 
actually John Scaddan (1876 - 1934)), Calanchini 
(Under-Secretary) [M.J. Calanchini (1875 - 1955)], 
the probably more useful A. Gibb Maitland (Govern¬ 
ment Geologist) (1864 - 1951), R.A. Farquharson 
(Assistant Geologist) (<•/. 1959) and E.S. Simpson, 
‘mineralogist and assayer’ (1875 1939), with the 

addition of‘Mr. W. Dickson, Secretary for Mines in 
the Victorian Government’. 


THE OIL GEOLOGY SKETCH MAP OF 
AUSTRALIA 

About the time de Hautpick was winding up his 
Coorong work lie was taking a broader look at Aus¬ 
tralian oil possibilities, preparing a large summary 
map, entitled: Oil Geology Sketch Map of Australia 
based on the works of Geological Surveys of 
the Commonwealth of Australia, Professor J.W. 
Gregory F.R.S., D.Sc, and personal studies by 
Captain E. de Hautpick, M.I.R.E., M.R.E.S., spe¬ 
cial correspondent to the London Mining Journal; 
author of the General Geological Map of the 
Maikop Oil Fields (publisher Edward Stanford 
London, 1910) etc. (de Hautpick I924j) 

A draft copy of this map (Map 145 Cl9), dated 
Melbourne, 1924. is in the British Museum Map Li¬ 
brary. The Map states that ‘Orographic data [has 
been] supplied by II.A. Hunt, Commonwealth Mete¬ 
orologist with acknowledgements to Dr. Griffith 
Taylor, D.Sc., F.R.G.S., scale 50 miles to the inch.’ 
However this draft map is a photographic reduction. 


The map is divided into two parts: hatched - indicat¬ 
ing unsatisfactory areas, clear - satisfactory areas. 
Within the latter regions are marked ‘carbonaceous 
deposits’ and ‘oil shale occurrences’. 

With this draft map there was a colourful expla¬ 
nation of terrestrial plants being the source of the oil. 
In general the text is somewhat stilted English. While 
the text is professionally laid out, the map work is 
rather crude. Perhaps the original large map was a 
working copy for intended publication by Stanford. 1 
have not located a published version of what would 
have been a large map. but a reduced version ap¬ 
peared in the Mining Journal on 1 November 1924 
(dc Hautpick 1924i) (Fig. 4), accompanying the sec¬ 
ond of seven articles on ‘Where Oil Deposits occur 
in Australasia’ (dc Hautpick 1924e), but he does not 
refer specifically to the map in cither this or the other 
articles in the series. 

In a later publication dc Hautpick (1928a) refers 
to several other maps showing Australian state oil 
possibilities (one specifically on Victoria (dc Haut¬ 
pick 1922j), and an undated ‘Oil sketch map of N. 
S.W., Tasmania, W.A. and of Australia (General)' (de 
Hautpick 1924k) published in Melbourne, but these 
have not been located. 


DEPARTING 

Despite the remarks of Loftus Hills ‘re: lambs to the 
slaughter’ and Prime Minister Billy Hughes’ anger 
about his failed investments, de Hautpick seems to 
have left Australia quietly, probably in mid 1924, 
perhaps licking his wounds. Although there is little 
concrete evidence I suspect that de Hautpick arrived 
in Australia believing that he would be dealing with a 
lot of ignorant colonials. He seems to have seriously 
underestimated the qualifications and abilities of the 
local geological and mining confraternity, as indi¬ 
cated by his unashamed plagiarism of material from 
various sources. This probably explains why later 
writers like Wilkinson (1988, 1991) have accused 
him of being a complete fraud. 

According to Smith s Weekly , despite the failure of 
both drilling and the oil companies with which he was 
associated, de Hautpick benefited financially from his 
first visit to Australia. He was ‘reported to have 
cleaned up £5000 in his Australian ventures in addi¬ 
tion to 7000 shares in the Coorong proposition... with 
which he was associated just before his departure’. 
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THE MID 1920s 

tie Hautpick seems to have been relatively quiet dur¬ 
ing the years immediately after his departure from 
Australia. Presumably he spent much of this period 
in England, possibly still associated with the Mining 
Journal , but he also spent some time in France. FIc 
was already developing new ideas on the origin of 
petroleum, suggesting that microbes in abundance 
could have played a part. 

He joined the Geological Society of France in 
1925 and again pressed his ideas on coorongite, pre¬ 
senting them to a meeting of the Society on I May 
1926. Presumably he gained some acceptance, as his 
‘thesis’ was published in the Society’s journal (de 
Hautpick 1926), when he used figure 1 from his ear¬ 
lier Mining Journal paper (28 July 1923) (de Haut¬ 
pick 1923b). At this time he was residing at the 
Grand Hotel, 59, rue Pierre-Charron in the XVII Ar- 
rondisement. The paper apparently appeared later in 
his old stamping ground, the Mining Journal, before 
it was taken up, according to de I lautpick, by various 
American Petroleum journals. By this time (1927) he 
was residing at Oatlands Park I lotcl, Wcybridge, 
Surrey, in England. 

Not long after de Hautpick’s departure from Aus¬ 
tralia there was a Commonwealth Government en¬ 
quiry about petroleum. George Meudell, later reviled 
for his unscientific approach to oil search by Wilkin¬ 
son (1988, 1991), presented persuasive arguments for 
Government funded petroleum research in Australia. 
He pointed out in particular that the various state 
mines departments were very oriented towards metal 
mining and coal, had almost no expertise in oil geol¬ 
ogy. and were condemning the privately-funded ex¬ 
ploration efforts, despite never having visited an 
operational oil field (Meudell 1925). He could not see 
why Australia should be totally lacking in oil, as some 
geologists, such as E.C. Andrews (1870-1948) and 
Arthur Wade (1878-1951) (Wade 1915, 1925, 1926) 
had implied. Although individual states, such as 
Queensland, had brought out experts it was not until 
the Commonwealth sent W.G. Woolnough (1876— 
1958) to North and Central America in 1930 that mat¬ 
ters began to take a positive, systematic direction. 

Nevertheless there were interesting technological 
developments taking place in the search for oil and 
metals. These were specifically in geophysics, de 
Hautpick might have learned in 1927 of the proposed 
setting up of the Imperial Geophysical Experimental 
Survey to test various methods of exploration for met¬ 
als in Australia (see for instance Branagan 2005: 


Chapter 22). David (1927) himself suggested that, al¬ 
though the Survey was specifically directed towards 
locating metalliferous deposits some techniques might 
be usefully applied to the search for oil. 

BACK IN AUSTRALIA, 1927 - 1929? 

Smith’s Weekly (un-named reporter, 10 December 
1927) (quoted by Wilkinson, 1991, pp. 81 - 82 & 
446) interviewed de Hautpick at Fremantle on board 
the Ville de Strasbourg en route to Adelaide. The ar¬ 
ticle claimed that de Hautpick had returned to Aus¬ 
tralia with his own invention a ‘new radio metrical 
method and ... apparatus designed for prospecting 
the earth for metals and mineral oils’. It continued 
that the ‘method was based on the principle that all 
metals and mineral oil sent out radio-active emana¬ 
tions into the air’. Whether this was a sales’ pitch of 
a condescending entrepreneur or whether de Haut¬ 
pick was pulling the reporter's leg, or whether the 
newspaper was deliberately sending him up is uncer¬ 
tain, but the article continued ‘the invention consists 
of two instruments, which learned savants have told 
him will associate his name with the twentieth cen¬ 
tury as wireless has Marconi's name with the nine¬ 
teenth. These instruments check each other. One 
shows the intensity of radio emanation present, and 
the other measures the emanation in the air and 
shows how many tons arc present. Petroleum has its 
own individual unit. It is his belief that petroleum is 
liquid radium and that the air of oil fields has a high 
degree of radioactive emanation. ... de Hautpick in¬ 
tends to form an exploration company in Australia, 
using these instruments for the detection of gold, rare 
metals, radium and oil’. 

de Hautpick seems to have kept a low profile dur¬ 
ing this second visit, but he certainly had local sup¬ 
porters. He also was a little more ‘orthodox’ about oil 
possibilities, saying ‘we believe that oil is produced by 
geological forces, acting generally through long inter¬ 
vals of time on the debris of aquatic organisms buried 
in sediments’ in one of his pamphlets (Are there Oil 
pmspects in Australia, de Hautpick 1928a: 8). 

Despite the lack of success in the search for oil in 
the Coorong region during his earlier visit de Haut¬ 
pick returned, still plugging its potential and its simi¬ 
larity to Texan fields. Perhaps to bolster his own 
‘credentials’ concerning the Coorong he claimed that 
‘the fields in Texas were found by a European [Cap¬ 
tain Lucas] after American geologists had con¬ 
demned them (The News 1927). 
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In 1927 (Anon. Smith’s Weekly 10/12/1927) de 
Hautpick was also linked with the South Eastern Oil 
Company, exploring in Gippsland, and he reported it 
as having ‘excellent prospects of being an oil pro¬ 
ducing centre’. Edgeworth David had talked up its 
possibilities (particularly offshore) a year or two ear¬ 
lier during a visit there (Branagan 2005: 378). Oil 
was certainly located on shore there in 1924, but 
matters only came to fruition, forty years later, with 
the discovery of the Bass Strait fields in February 
1965. 

In this second period in Australia de Hautpick 
produced four pamphlets, locally printed, one deal¬ 
ing with his major interest, oil (completed on 13 Au¬ 
gust 1928, according to the final page); the others 
however look forward, one on Geophysics in Mining , 
and two dealing with his early interest. Radium. The 
first Radium pamphlet discussed its occurrence and 
the second its future use, specifically relating to Tel¬ 
evision and Gamma Rays(de Hautpick 1928a,b,c,d). 
In the oil pamphlet lie maintained his idea that 
Gippsland and southeast South Australia are the only 
real prospective areas in Australia, as there seemed 
to be no anticlines in the flat inland (as at Roma). 
But he then continued with some vague and undevel¬ 
oped concepts about the likely presence of domes re¬ 
lated to basalt occurrences, de Hautpick was very 
specific in the Oil Pamphlet that ‘this publication is 
copyright as a preventive measure against financial 
pirates who float companies on the works of others’. 
However he undermined this restriction by continu¬ 
ing ‘all papers and periodicals are allowed to reprint 
its contents ad libitum.’ 

The circulation of the pamphlets was apparently 
not extensive, but the few copies in Australian librar¬ 
ies attest to the fact that he gave some to government 
geologists, such as L.F. Harper and Malcolm Morri¬ 
son of the NSW Geological Survey and Herbert 
Basedow, by then a Parliamentarian in South Aus¬ 
tralia. In general these booklets were fairly reasona¬ 
ble statements about the ‘slate of play’ of research in 
the several topics. There was also a visionary percep¬ 
tion of the future with his comments about televi¬ 
sion, even naming an Australian Mr. D. MacDonald 
of Melbourne, as being involved in experimentation 
in this field (de Hautpick 1928c). But in each case 
there were some eccentricities and intellectual shal¬ 
lowness, which mar the overall reality. 

One noticeable modification by de Hautpick is 
the general omission from his authorship in the four 
pamphlets of his Russian affiliations. Each pro¬ 
claimed him merely as E. De Hautpick, F.G.S., sug¬ 


gesting that he was a Fellow of the Geological 
Society of London, a reasonably prestigious body, 
requiring nomination by members, but not necessar¬ 
ily a full academic qualification. However a brief 
search of the Society's records docs not confirm his 
membership. Perhaps he thought no one would check 
up! However in view of his membership, at the time, 
of the Geological Society of France, where he put J. 
R.E. after his name, possibly he felt the title could be 
equally self-applied to that body, or even taken from 
F(rench) G(eological) S(ociety). His interview re¬ 
ported in The News (1927) lists him as Captain E. de 
Hautpick, T.R.E., [sic] M.R.E.S., F.G.S. (mining and 
petroleum geologist), the first item being probably a 
variant of his earlier M.I.R.E., or perhaps the report¬ 
er’s notes got it wrong. 

It was a time of more than growing interest in 
geophysical prospecting, and there were numerous 
articles about this new method of prospecting, sev¬ 
eral coming from the pen of A. Broughton Edge, Di¬ 
rector of the Imperial Geophysical Experimental 
Survey. German and Swedish groups were also in the 
field. Bow the times were changing can be seen 
when early in January 1928 Smith s Weekly had a se¬ 
rious article entitled ‘Exit: The old Prospector with 
his pick and shovel. Enter: The new prospector with 
electric currents’. 


FINAL DISAPPEARANCE 

Sometime in 1929 de Hautpick donated his Oil Pros¬ 
pects pamphlet to the Mitchell Library, Sydney. He 
then seems to have faded into obscurity, presumably 
shaking the dust of an ungrateful continent from his 
shoes and departing for who knows where? 1 le was 
no longer a member of the Geological Society of 
France in 1930, his last address in 1929 being the 
South Australian Hotel in Adelaide. 

The absence of any known further record of his 
geological activities possibly indicates that de Haut¬ 
pick died about this time. I have found no record of 
his death in Australia, or in England up to 1940, so 
perhaps he lived well into old age, avoiding contro¬ 
versial mineral and petroleum issues. 

There is no further evidence except for the asser¬ 
tion by Wilson (1979) that ‘the long arm of the Bol¬ 
sheviks reached out to him in Australia and he was 
eliminated.’ 

Some of de Hautpick s work has not been totally 
forgotten. A Canadian researcher (Rublec 1986) drew 
on de Hautpick’s 1913h—k Russian work on Gold and 
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Platinum in Mongolia. However his Australian work is 
now only of minor historical interest and is unlikely to 
be sought out or quoted by present researchers, as he 
has been bypassed in the continuing search for the 
riches which lie beneath the dusty surface of 
Australia. 

Was he a charlatan, as has been suggested by 
Wilkinson (1988, 1991) and others? Was he an expert? 
He was probably somewhere in between. Evidence 
suggests that he underestimated the quality of the 
Australian mining geological fraternity. He was likely 
a slightly unprincipled entrepreneur who thought the 
Australian public was ripe for exploiting. 

His writing shows a strange mixture of well-re- 
searched knowledge, often imaginative forward think¬ 
ing, for which he gained significant recognition, 
coupled with outright scientific nonsense. By stimu¬ 
lating financial interest and general publicity he played 
a small part in the long and ultimately successful 
search for economic oil, offshore from the Coorong 
region of South Australia, if not in Tasmania. 
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LATE CARBONIFEROUS LEVIPUSTULA FAUNA IN THE LEONCITO 
FORMATION, SAN JUAN PROVINCE, ARGENTINE 
PRECORDILLERA: BIOSTRATIGRAPHICAL AND 
PALAEOCL1MATOLOGICAL IMPLICATIONS 

G. A. ClSTERNA 1 & A. F. Sterren 2 
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ClSTERNA, G.A. & Sterren, A.F., 2008. Late Carboniferous Levipuslula Fauna in the Leoncito 
Formation, San Juan Province, Argentine Precordillera: biostratigraphical and palaeoclimatological 
implications. Proceedings of the Royal Society of Victoria 120(1): 137-147. ISSN 0035-9211. 

The Carboniferous Levipnstula Fauna from the glacial marine sequence of the Leoncito Formation 
(Calingasta-Uspallata Basin, San Juan Province, Argentina) is reviewed. In the middle part of the section, 
associated with sandstone and mudstone horizons located below the glacial diamictitic beds, two different 
fossil assemblages are recognised. One is associated with sandstone beds, composed of brachiopods (Sep- 
tosyringothyris keideli (Harrington), Costuloplica leoncitensis (Harrington), ‘Spiriferellina' octoplicata 
Sowerby, Beecheria sp. and Levipnstula levis Maxwell), bivalves (Phestia sp„ Scliizoilns sp. and Pleuro- 
pltorella'! sp.), bryozoans ( Fenestella'! sp.) and gastropods (Barrealispiral sp.). The other, in a mudstone 
interval, is composed of brachiopods (Levipnstula levis'! and Beecheria sp.), bivalves (Nuculopsisl), os- 
traeods (probably some Aurykirkbya), gastropods, crinoids and bryozoans. Because of its stratigraphica! 
position in relation to the diamictitic horizons, as well as its compositional and taphonomical features, the 
fossil assemblage associated with the mudstone interval can be compared with the ‘Intra-glacial Levipus- 
tula Fauna’ recently identified in the Hoyada Verde Formation (Calingasta-Uspallata Basin, San Juan 
Province). Proximity to a glacier would have placed the fauna under stressed environmental conditions. 
The occurrence of common fauna in the Hoyada Verde and Leoncito formations links the two stratigraphic 
sections affected by glaciation within the Calingasta-Uspallata Basin. 

Key words: Carboniferous, Argentina, Precordillera, Levipnstula Fauna. 


THE LEVIPUSTULA FAUNA is characterised by a 
cold water assemblage dominated by brachiopods, 
bryozoans and bivalves, extensively developed in the 
Late Carboniferous marine sequences from the west¬ 
ern Argentine (Calingasta-Uspallata and Tepttcl Genoa 
Basins) and from Bolivia (Tarija Basin). This fauna 
integrates the Levipuslula levis Zone defined in the 
Argentine Precordillera by Amos & Rolled (1965). 

In the Calingasta-Uspallata Basin (Fig. 1), the 
Levipnstula Fauna appears typically associated with 
glaciomarine deposits, which provide evidence of 
the Late Carboniferous episode that affected central 
western Argentina (Lopez Gamundi 1997). In this 
hasin the Carboniferous glacial sequences are mainly 
characterised by glaciomarine diamictitcs that grade 
upwards into postglacial open marine fine elastics. 
The presence of fine marine elastics resting on 
diamictitic deposits has been interpreted as the sedi¬ 
mentary response to a glaciocustatic sea level rise, 
expressed as a transgression in stratigraphic terms. 


The transgression occurred during a glacial retreat 
period, subsequent to a widespread glaciation epi¬ 
sode (Lopez Gamundi 1989, 1990). The Levipnstula 
Fauna has usually been considered to be associated 
with the postglacial event (Lopez Gamundi 1989, 
1990: Lopez Gamundi & Espejo 1993; Lopez 
Gamundi & Martinez 2000) and it has been identi¬ 
fied in different stratigraphical sections within the 
Calingasta-Uspallata Basin: Hoyada Verde (Mesigos 
1953), Leoncito (Baldis 1964), La Capilla (Amos ct 
al. 1963) and Yalguaraz (Amos & Rolleri 1965) (Fig. 
2). However, the stratigraphical position of this fauna 
within the glacial sequence can change in relation to 
the glaciomarine horizons even within the same sec¬ 
tion, as well as throughout the basin. This strati¬ 
graphical pattern for the Levipnstula Fauna has been 
previously recognised in the Hoyada Verde Forma¬ 
tion (Sterren & Cisterna 2006), situated 20 km north¬ 
west of the Leoncito locality. In the Hoyada Verde 
Formation, which encloses the most complete record 
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Fig. I. Palaeogeographical map of the central western 
Argentinean basins. 


of the Levipustula Fauna, two faunas have been iden¬ 
tified: a ‘Post-glacial Levipustula Fauna' and the 
‘Intra-glacial Levipustula Fauna' (Sterren & Cistcrna 
2006; Cistcrna & Sterren in press). 

Following field work in the Lconcito Formation, 
new elements of the Levipustula Fauna have been 
recognised and a particular stratigraphical pattern 
for this fauna in relation to the diamictitic horizons is 


herein described. Two fossil assemblages are identi¬ 
fied from the Levipustula Fauna in the Leoneito For¬ 
mation and the faunal relationships with the Hoyada 
Verde Formation are also discussed. 

An early report of the Levipustula Fauna in the 
Argentine Precordillera was from the Leoneito For¬ 
mation (Baldis 1964). Keidcl & Harrington (1938) 
described the species Syringothyris keideli Har¬ 
rington, Spirifer (Cyrtospirifer) leoncitensis Har¬ 
rington, Spirifenna ( Spiriferellina) octoplicata 
Sowerby, Dielasma sp., cf. itailuben.se Derby, 
Beecheria sp. cf. sublaevis Waageti, Spirifer sp. 
indet., Orthoid gen. indet. and Naiadites sp. indet., 
from the Leoneito Encima locality, San Juan Prov¬ 
ince. Lech (1985) also noted the presence ofbrachio- 
pods, bivalves, bryozoans and crinoids in the 
Leoneito Formation, but this material was not illus¬ 
trated. Later this author (Lech 1989), described the 
brachiopods Reticularia punillana Amos, Bulahde- 
lial laevicaudata (Amos) and Septosyringothyris sp. 
and S. bisinus Lech from this unit. 


GEOLOGICAL SETTING 

Outcrops of the Leoneito Formation arc located 
about 22 km southeast of Barrcal village (San Juan 
Province), on the western flank of the Prccordillera 
(Fig. 1), along the southern margin of the Las Ca- 
beceras stream (Fig. 2). The field work for this study 
was carried out in an outcrop sited immediately be¬ 
hind of the Leoneito National Park Station (Fig. 2), 
where the deposits appear isolated in a 35 m thick 
hoinoclina! sequence dipping to the southwest. 

General geological and stratigraphical aspects of 
the Leoneito Formation in the study area have been dis¬ 
cussed by Baldis (1964) and Lech (1985). In more re¬ 
cent stratigraphical studies, Lopez Gamundi & Rosello 
(1995) and Lopez Gamundi & Martinez (2000), de¬ 
scribed and interpreted the intraformational striated 
pavement within the Leoneito Formation and its rela¬ 
tionship with that from the chronologically equivalent 
stratigraphical section of the I Ioyada Verde Formation. 

The stratigraphical section of the Leoneito Forma¬ 
tion is dominated by sandstone facies, with the diamic- 
tite beds appearing at the top (Fig. 3). This section can 
be clearly differentiated into three parts: the lower 
characterised by alternating beds of sandstone and 
mudstone with fragmentary plant remains; the middle 
part with very thick beds of fine to medium grained 
sandstone that grades upwards into grey mudstone, 
where the Levipustula Fauna has been identified and 
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Fig. 2. Location map of the Leoncito locality and distribution of the Leoncito Formation outcrops. 


finally, the upper part dominated by diamictitic hori¬ 
zons with scarce interbedded sandstone and mudstone. 
In the uppermost of the section, an intraformational 
striated glacial pavement was developed on the top of a 
lenticular sandstone bed where plant fragments have 
been identified (Lopez Gamundi & Rossello 1995). 
The glacial striations are straight and parallel to sub¬ 
parallel and their orientation and nailhead configura¬ 
tion suggest an ice flow direction towards the northwest 
(Lopez Gamundi & Martinez 2000). 

COMPOSITIONAL AND TAPHONOM1CAL 
ATTRIBUTES OF THE LEVIPUSTULA FAUNA 
IN THE LEONCITO FORMATION 

Although the previous palaeontological papers of 
Kcidel & Harrington (1938) and Lech (1989) have 
described the fossiliferous associations of the Leon¬ 


cito Formation, the present study aims to establish 
the relationship of these records in a palaeogeo- 
graphic context. 

In the stratigraphical section of the Leoncito For¬ 
mation the Levipustiila Fauna occurs in sandstone 
and mudstone horizons, located below the glacial 
diamictitic beds in an interval about 11 m thick 
(Fig. 3). The fauna herein studied has low diversity 
and two different fossil assemblages are recognised: 
one associated with sandstone beds and the other in a 
mudstone interval. 

The assemblage found within the sandstone ap¬ 
pears generally disperse and towards the upper part of 
the interval, occasionally concentrated in lenses that 
continue laterally for many metres. It is composed of 
brachiopods characterised by the Septosyringothyris 
keideli (Harrington)-Cos/M/op/ica leoncitensis (Har¬ 
rington) assemblage accompanied by ‘ Spirifeivllina’ 
octoplicatci Sowerby with very scarce Beecheria sp. 
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Fig. 3. Vertical distribution of the Levipustula Fauna in the Leoncito Formation (modified from Lopez Gamuni & 
Martinez 2000). 


and Levipustula levis Maxwell. The bivalves recog¬ 
nised are the infaunal: Phestia sp., Schizodus sp. and 
Pleurophorellal sp., accompanied by bryozoans (Fe¬ 
nestella'! sp.) and gastropods (Barrealispiml sp.) (Figs 
4; 5E, G. K, M). These fossil accumulations are densely 
packed at the centre of the lens and loosely packed lat¬ 
erally at its base and top. Bioclasts are slightly oblique 
to the bedding plane and have variable concave/convex 
orientation. Some articulated shells are present. Some 
sorting and low degrees of abrasion and fragmentation 


have been observed in the fossil shell accumulations. 
From a taphonomic viewpoint the brachiopod-domi- 
nated shell concentrations ( Septosyringothyris keideli- 
Costuloplica leoncitensis assemblage) are interpreted 
as being of scdimentological origin, produced by re¬ 
working and winnowing above the fair-weather waves 
base in the lower shoreface. The compositional differ¬ 
ences in relation to the neighbouring fauna identified 
in the mudstone suggest a para-autochthonous-alloch- 
thonous origin for the shells. 
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Fig. 4. Brachiopods from the Lcvipu.siulti Fauna in the Leoncito Formation. A-D, ‘Spiriferellina ‘ocloplicala (Sowerby). 
A, CEGH-UNC 22930. ventral valve. x2.2. B, CEGH-UNC' 22931. internal mould of dorsal valve, xl.5. C, CEGH-UNC 
22932. external mould of ventral valve. x2. D, CEGH-UNC 22933, internal mould of ventral valve, x2. E-l, Costuloplica le- 
oncitmsis (Harrington). E, CEGH-UNC 22934, ventral valve, xl.5. F. CEGH-UNC 22935, internal mould of ventral valve, 
xl.4. G, CEGH-UNC 22936. dorsal valve, xl. H. CEGH-UNC 22937. ventral valve, xl. I, CEGH-UNC 22938, internal 
mould of dorsal valve, xl.3. J-N, Seplosyringothyris keideli (Harrington). J. CEGH-UNC 22939, ventral valve, xl. K, 
CEGH-UNC 22940, specimen articulated, view of the ventral interarea, xl. L, CEGH-UNC 22941, internal mould of ven¬ 
tral valve, xl. M, CEGH-UNC 22942, ventral valve, xl. N, CEGH-UNC 22943, internal mould of dorsal valve, xl. 
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Fig. 5. Brachiopods, bivalves and associated fauna of the Levipustula Fauna from the Leoncito Formation. A-B, 
Levipustula levi.s'! Maxwell. A, CEGH-UNC 23395, fragmentary external mould of ventral valve, x4.5. B, CEGH-UNC 
23396, internal mould of dorsal valve, x5. C-D. Beechcria sp. A, CEGH-UNC 23397, internal mould of dorsal valve, x7. D. 
CEGH-UNC 23398, internal mould of dorsal valve, x5. E, Pkeslia sp.. CEGH-UNC 22920, composite mould of left valve, 
x4.3. F, Gastropod indet., CEGH-UNC 22918, external mould, \I7. G, Schizodus sp., CEGH-UNC 22919, composite mould 
of left valve, x3. H, J, Kirbkybidae indet. H, CEGH-UNC 22944, internal mould of left valve, x20. J. CEGH-UNC 22945. 
interior left valve x 20.1, Nuculopsisl sp., CEGH-UNC 22923, composite mould ofleft valve, x7.5. K. M, fragmentary bry- 
ozoans ( FenesteUa ? sp.), K, CEGH-UNC 22926, xIO. M, CEGH-UNC 22925, x4.5. L, lateral view of fragmentary crinoid 
stem, CEGH-UNC 22928, x7.5. 
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Immediately overlying the sandstone beds, in the 
mudstone interval the fauna appears generally dis¬ 
perse and occasionally, in the upper part of the inter¬ 
val, it is found in concretions. This assemblage, 
compositional ly quite different from that associated 
with the underlying sandstone, is composed of bra- 
chiopods (Levipustula levis ? and Beecheria sp.), bi¬ 
valves (Nuculopsis'1 and bivalvia indet.), ostracods 
(probably some Aurykirkbya ), gastropods, crinoids 
and bryozoans (Fig. 5A-D, F, H-J, L). The shells 
show a random distribution with either concave or 
convex-upward orientations, low degree of shell 
fragmentation with many shells still preserving 
delicate details of fine sculpture. These taphonomic 
attributes suggest an autoehthonous-para-autoch- 
thonous fossil concentrations, in which the bioclasts 
would have been buried in situ, with a minor local re¬ 
working in a low-energy shelf deposit. 

BIOSTRATIGRAPHICAL AND 
PALAEOCLIMATOLOGICAL IMPLICATIONS 

The Levipustula Fauna in the Prccordillcra is com¬ 
posed of a characteristic group of brachiopod species 
which are common or very close to species found in 
eastern Australia, where the first record of the Levi¬ 
pustula Fauna was documented some years ago 
(Campbell 1961, 1962; Maxwell 1964; McKellar 
1965). The Levipustula Fauna in Australia is domi¬ 
nated by bryozoans and brachiopods that have been 
referred to the Levipustula levis Zone (Campbell & 
McKellar 1969; Jones et al. 1973). Although this 
zone has not been linked to a specific reference sec¬ 
tion within the eastern Australian basins, the compo¬ 
sitional, stratigraphical and biostratigraphical aspects 
were reviewed by Roberts et al. (1976). 

The occurrence of the antmonoid Cmvenoceras 
kullatiensis Campbell between horizons containing 
Levipustula levis Maxwell has been considered as evi¬ 
dence of an early Namurian age for the base of the Le¬ 
vipustula levis Zone in Australia (Roberts et al. 1976), 
but the upper age limit has been difficult to define 
from the faunal data. The affinities of brachiopods 
from this zone suggest a correlation to the Westphal¬ 
ian, and hence the Levipustula levis Zone has been 
considered to range from early Namurian to Westphal¬ 
ian (Roberts et al. 1976; Roberts ctal. 1993). 

In Argentina the Levipustula levis Zone was de¬ 
fined by Amos & Rollcri (1965) in the Calingasta- 
Uspallata Basin. These authors proposed the La 
Capilla Formation at the Ccrro Morado locality (San 


Juan Province), as the reference section and also in¬ 
dicated the distribution of this zone within the basin 
(Hoyada Verde and Leoncito formations). However, 
subsequent studies have extended the geographical 
area of this fauna to the La Capilla Formation at the 
Villa Corral locality, San Juan Province (Gonzalez & 
Taboada 1987) and the Yalguaraz Formation at the 
Del Tigre Creek locality (Del Tigre Range), Men¬ 
doza Province (Taboada & Carrizo 1992; Taboada & 
Cistcrna 1996) (Fig. 2). The age of the Levipustula 
levis Zone in Argentina has been considered Nantu- 
rian-Westphalian based on its Australian affinity 
(Gonzalez 1981; Archangelsky et al. 1987; Archan- 
gelskyetal. 1996; Taboada 1997). 

More recent work using the sensitive high-reso¬ 
lution ion microprobe (SHRIMP) zircon dating tech¬ 
nique for volcanic horizons from the glacigene 
sediments of the Scaham Formation (southern New 
England Orogen), has restricted this zone to the Na¬ 
murian in Australia (Roberts et al. 1995). However in 
Argentina the Levipustula levis Zone is still consid¬ 
ered in the Namurian-Wcstphalian? (Scrpukhovian- 
Moscovian?) range because its upper limit is not 
clear (Taboada 1997). 

The Levipustula Fauna was recently reviewed by 
the present authors (Cistcrna & Sterren 2004, in 
press) in equivalent formations of the Carboniferous 
glacial marine sequences within the Calingasta-Us- 
pallala Basin. Detailed stratigraphical control at each 
section studied indicates that the Levipustula Fauna is 
present in different stratigraphical positions within 
the glacial sequence. Compositional, taphonomical 
and palacoccological variations of this fauna have 
also been recognised among the different localities 
studied and it appears that these variations arc related 
to a palaeoenvironmental control linked to the Car¬ 
boniferous glacial episode. Because of our review, the 
Hoyada Verde Formation which contains the most 
complete and representative record of the Levipustula 
Fauna inside the Calingasta-Uspallata Basin, has been 
proposed as the reference section of the Levipustula 
levis Zone in Argentina (Sterren & Cistcrna 2006, 
Cisterna & Sterren in press). A combination of com¬ 
positional and palaeoecological/taphononrical fea¬ 
tures of the Levipustula Fauna in the Hoyada Verde 
Formation, as well as its stratigraphical relationship 
with the diamictitic horizons, has meant that two fau¬ 
nas may be distinguished: the ‘Intra-glacial Levipus¬ 
tula Fauna’, located in the middle of the diamictitic 
horizons and the ‘Post-glacial Levipustula Fauna’. 
The taphonomic features indicate that the fossil as¬ 
semblages are autochthonous. There is no question 
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that these assemblages show that there was a glacial 
influence on normal faunal development. 

The ‘Post-glacial Levipuslula Fauna’ identified in 
the Hoyada Verde Formation, the better known and 
the most important for biostratigraphical correlation, 
is easily identified because of its high diversity (Stcr- 
rcn & Cisterna 2006, Cisterna & Stcrren in press). 
This assemblage is composed of brachiopods (domi¬ 
nated by the Levipustula-Costuloplica-Kitakamilhyris 
assemblage with the species Levipuslula levis Max¬ 
well, Costuloplica leoncitensis (Harrington) and Ki- 
takamithyris sp., accompanied by Beecheria sp. and 
‘ SpinfereUina ’ octoplicata (Sowerby)), bivalves (Phe- 
stia sp. aff. P. bellistriata (Stevens), Palaeolima retif- 
era (Shumard), Streblgchondria sanjuanensis Sterren 
and Streblochondria stappenbecki Reed), bryozoans 
(Fenestella sanjuanensis Sabattini, F. barreaiensis 
Sabattini. F. altispinosa Sabattini and Polypora 
neerkolensis Crockfor) and scarce gastropods, cri- 
noids and conularids. The taphonomic attributes of 
the 'Post-glacial Levipuslula Fauna’ suggest a bio¬ 
genic fossil concentration with autochthonous-para- 
autochthonous shell origins (Sterren 2006) and the 
palaeocological study indicated a relatively stable ma¬ 
rine environment (Cisterna 1999). In addition, previ¬ 
ous detailed studies of the evolution of the 
palaeocommunities in the post-glacial interval of the 
Hoyada Verde Formation, reflect small palaeoenvi- 
ronmental variations associated with the substrate 
type and food supply (Simanauskas ct al. 2001; Cis¬ 
terna et al. 2003). The assemblage that integrates the 
‘Intra-glacial Levipuslula Fauna’ in the reference sec¬ 
tion, located in the middle of the diamictitic horizon, 
is dominated by brachiopods ( Levipuslula levis ? Max¬ 
well and Levispustulini indet. that appear to be the 
dominant species and very fragmentary specimens of 
‘SpinfereUina 'octoplicata (Sowerby) and Spiriferidac 
indet.), bivalves ( Nucidopsis sp., Phestia sp. aff. P. 
bellistriata (Stevens) and Palaeolima retifera (Shu¬ 
mard)), ostracods (Kirkbyidae indet.) and annelids 
(body fossils evidence), accompanied by fragmentary 
bryozoans and gastropods. The compositional and 
taphonomical features of this fauna as well as its sedi- 
mentological context (i.e. presence ofsinall dispersed 
pebbles and glcndonites). appear to indicate stressed 
environmental conditions related to glacial proximity 
(Sterren & Cisterna 2006, Cisterna & Sterren in 
press). The stratigraphical position of the ‘Intra-gla¬ 
cial Levipuslula Fauna’ in the Hoyada Verde Forma¬ 
tion. allowed the consideration of this fauna as the 
oldest part of the Levipuslula levis Zone (Taboada 
1997; Sterren & Cisterna 2006). 


In comparison with the Hoyada Verde Formation 
references section, the Levipuslula Fauna from the 
Leoncito Formation can be considered very impor¬ 
tant because of its biostratigraphical and palaeocli- 
matological implications. From a biostratigraphical 
viewpoint, the fossil assemblage described from the 
mudstone interval of this section can be composi- 
tionally compared with the ‘Intra-glacial Levipuslula 
Fauna’ identified in the Hoyada Verde Formation. In 
addition to the brachiopods ( Levipuslula levis'! and 
Beecheria sp.) and bivalve ( Nucidopsis sp.), one of 
the more important elements that characterise and 
allow a close comparison between these faunas are 
the ostracods, which are an unusual fauna in the Car¬ 
boniferous sequences of the Precordillera. The ostra¬ 
cods identified from these localities can be 
preliminarily placed in the Superfamily Kirkbyacea 
Ulrich & Basslcr, probably comparable with the 
genus Aurykirkbya Soltn. This genus has been de¬ 
scribed with the species Aurykirkbya tepuelensis 
Diaz Saravia & Jones, from the lower part of the Le¬ 
vipuslula levis Zone in the Patagonian Tcpuel-Genoa 
Basin (Diaz Saravia & Jones 1999). Also, the strati¬ 
graphical position in relation to the striated pavement 
and the taphonomic features of the fossil assem¬ 
blages associated with the mudstone interval in the 
Leoncito Formation allow that the ‘Intra-glacial Le¬ 
vipuslula Fauna’, previously identified in the Hoyada 
Verde Formation, can be recognised. Hence the same 
extreme palaeoenvironmental conditions suggested 
by the lower section of this unit are herein proposed 
for the Leoncito Formation. These stressed environ¬ 
mental conditions would most probably be related to 
glacial proximity, of which the most important and 
obvious stress was the low temperature. Also, other 
physico-chemical parameters such as oxygen and 
nutrient availability, salinity, substrate and water 
depth would have been also affected by glacial 
action. 

The occurrence of the ‘Intra-glacial Levipuslula 
Fauna’ in the Hoyada Verde and Leoncito formations 
has an important implication because it allows that 
two stratigraphical sections affected by the glacia¬ 
tion within the basin to be linked. However, the 
'Post-glacial Levipuslula Fauna’, previously identi¬ 
fied in the Hoyada Verde Formation (Sterren & Cis¬ 
terna 2006; Cisterna & Sterren in press), has not 
been documented in the Leoncito Formation. 

The faunal assemblage associated with the sand¬ 
stone beds in the Leoncito Formation (Fig. 3) is com- 
positionally and taphonomically very different to the 
overlying ‘Intra-glacial Levipuslula Fauna’. Some 
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brachiopod species from this assemblage are com¬ 
mon vvitli those from the Levipustula levis Zone in 
the Calingasta-Uspallata Basin. I lowever, the species 
Levipustula levis that defines this Zone, as well as 
the typical bryozoan faunas, is very scarce in the 
sandstone assemblage from Leoncito Formation. 

Further detailed studies in other sections of the 
Leoncito Formation will allow a more precise inter¬ 
pretation of this assemblage. 

CONCLUSIONS 

A detailed study that integrates the scdimcntological 
and taphonomical data in the Leoncito Formation, as 
well as the previous analysis of the Levipustula Fauna 
in the Hoyada Verde Formation, strongly suggests a 
palaeoenvironmental control related to the Carbonif¬ 
erous glacial event. This control has been considered 
the main cause for the differentiation of the Levipus¬ 
tula Fauna into the ‘Post-glacial Levipustula Fauna’, 
recognised previously in the Hoyada Verde Forma¬ 
tion (Stcrren & Cisterna 2006; Cisterna & Sterren in 
press), and the ‘Intra-glacial Levipustula Fauna’ also 
identified in the Leoncito Formation. 

This record of the ‘Intra-glacial Levipustula 
Fauna’ in the Leoncito Formation has an important 
palaeoclimatological implication related to the ex¬ 
treme environmental conditions caused by glacial 
proximity, the most important of which is low tem¬ 
perature. This research also provides a new focus in 
comparing two formations affected by glaciation 
within the basin. 

The method of analysis herein proposed could be 
applied to other formations, enabling the interpreta¬ 
tion of advances and retreats of the glaciers within 
the Calingasta-Uspallata Basin. In a regional context, 
this study can be considered as an important tool in 
understanding the complex dynamics of the Carbon¬ 
iferous glacial episode in the different basins of the 
South Western Gondwanan margin. 
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Crucibles of the design depicted in the Old Kingdom Tomb of Mcreruka at Saqqara were found at the 
Old Babylonian site of Tell edh-Dhiba'i in Baghdad revealing a significant geographical and chronologi¬ 
cal distribution of the crucible style and the technology they represent. It is argued that these previously 
unrecognized artefacts were the normal means of melting metal in the drier regions of western Asia during 
the Bronze Age and that crucible fragments often found in these areas arc not ‘bowl shaped’ but are in fact 
Mercruka-style crucibles. Casting experiments with replicas of such crucibles have demonstrated their 
operational efficacy and attested to the accuracy of the tomb relief's. 

Key words: Bronze Age, crucible. Egypt. Mesopotamia, metallurgy. 


SURVEYS of ancient Near Eastern crucibles used for 
metal working have almost invariably assumed that 
they had a bowl shape. This is well demonstrated by 
Tylecote who has a typology of types A to L of such 
crucibles (Tylecote 1976: 17-19, tabic 12, fig. 13). 
This approach reflects modern practice where deep 
bowl shaped crucibles are placed on top of the coals 
of a furnace to melt the metal charge and then manip¬ 
ulated with tongs to pour the contents out. 

Tylecote developed his typology in The prehis¬ 
tory of metallurgy in the British Isles, where he ac¬ 
knowledges that British crucibles often differ from 
early foreign crucibles which were normally placed 
under the fire (1986: 97). Crucible fragments from 
sites such as Marsa Matruh (White 2002: 189). Qau 
(Davey 1985: 145). Qantir (Rehren 1995: 102; Philip 
2007: 203) and cl-Amarna (Eccleston & Kemp 2008) 
have slag on the internal surface showing that the 
fire was in or over the crucible. 

The New Kingdom tomb paintings in the Tomb 
of Rckh-mi-re depict the fire over the crucible (Dav¬ 
ies 1943: pi.17). The use of tuyeres in these depic¬ 
tions may raise a question about the location of the 
seat of the fire, however in a discussion about tuyeres. 
Tylecote describes how they may be configured to de¬ 
liver forced air into a crucible (1981: 117). Tuyeres of 
the type referred to by Tylecote have also been dis¬ 
covered at Qantir and el-Antarna in second millen¬ 
nium contexts (Pusch 1990: 86IT; Eccleston & Kemp 
2008). The use of green branches to carry fully 
charged crucibles as depicted in the Tomb of Rekh- 
mi-re confirms that the external surface of the cruci¬ 
ble was comparatively cool and that the heat was 
concentrated inside the crucible (Rehren 1995: 103). 


The crucible shape depicted in the Old Kingdom 
Tomb of Mcreruka has not occupied much discussion 
although the crucible was ubiquitous enough for its sil¬ 
houette to become the hieroglyphic symbol for copper 
(Davey 1985; Gardiner 1957: 490, 529; Ockinga 2005: 
113). The discovery of such crucibles at Tell edh- 
Dhiba'i revealed a geographic and chronological distri¬ 
bution of the ‘Mereruka’ technology not previously 
appreciated (Davey 1983,1988). 

The Tell edh-Dhiba’i Mercruka-style crucibles 
do not feature in any typologies and present an obvi¬ 
ous problem, in their upright position they will not 
retain a liquid. This feature prompts the need for an 
explanation of their operation. Is it possible to melt 
metal in crucibles of this shape using the system de¬ 
picted in the Tomb of Mereruka? The apparent ab¬ 
sence of such crucibles from the western Asiatic 
archaeological record also warrants clarification. 


THE MERERUKA RELIEFS 

There arc four metallurgical scenes found in the 
Tomb of Mereruka, Saqqara, depicting weighing, 
melting, casting and hammering of copper (Fig. I). 
The melting scene shows two crucibles back to back 
and two teams of three people using blowpipes to 
ventilate the fire which is at least partly in front of 
the crucibles. There is something like a lid on top of 
the crucibles. The Old Kingdom ideogram for copper 
appears above the weighing scene which is to the left 
of the melting scene. 

The use of three blowpipes for each furnace is 
logical as it is possible for them to apply a steady 
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Fig. /. Drawing of the copper weighing, melting, casting and hammering scenes in the Tomb of Mereruka, Saqqara 
(After Duell 1938: pi 30). 


stream of air. Two people would be less efficient and 
four people would create a problem of over-crowding. 
It is worth noting that other Old Kingdom furnace 
depictions sometimes have one or two people with 
blowpipes although the material being melted is not 
necessarily copper or a copper alloy. 

The blowpipe operators each have a hand holding 
the blowpipe near their mouths. This would have 
enabled them to cover the mouth piece of the blowpipe 
with the thumb preventing hot furnace gases being 
sucked in as the operators drew breath. 

The casting scene has a person using two stones or 
lumps of refractory clay to hold the crucible over a 
mould, and a second person poking the front of the 
crucible with a stick as the molten metal pours out 
(Fig. 2). This scene reveals how the crucible was 
operated. The crucible was tilted only slightly forward 
from its upright position to pour the metal charge out. It 
is possible to deduce from this image that the molten 
metal was retained in the crucible by a barrier which 
could be dislodged with a stick at the time of casting. 

The crucibles stand upright in the furnace image 
and the blowpipes are directed at the front of the cru¬ 
cibles indicating that heating was focused at the metal 
in the crucible (Fig. 3). It is therefore probable that 
the barrier did not completely block the hole in the 
front of the crucible. However the geometry of the 
crucibles can not be determined from the reliefs 



which depict the crucibles in profile only and awaited 
the discover of complete vessels at Tell edh-Dhiba’i. 

The casting scene shows the crucible being held 
a significant distance above the mould when the 
metal charge is poured out. This is unrealistic because 
of the difficulty of aiming the pour and the danger of 
splashing molten metal about. This aspect of the 
reliefs does seem to represent some artistic license 
aimed at emphasising the success of the melting 
operation and the nature of casting procedure. That 
this justifies the conclusion that the rest of the scene 
is stylistic does beg the question as to why this would 
have been done. If anything was to be altered for 
dramatic effect, it would have been the furnace, but 
its portrayal is comparatively small and the fire is 
insignificant. 

In an assessment of the Mereruka tomb decoration. 
Naguib Kanawati has noted that some of the scenes 
may depict actual events in the life of the tomb owner 
(Kanawati 2007: 3). There are numerous metallurgical 
scenes found in Egyptian Old Kingdom tombs, 
however no two are the same. That there was a tomb 
decorators canon of stylised metallurgical scenes to 
inscribe on tombs has no justification at present. The 
suggestion that the Mereruka tomb scene is stylistic 
also overlooks the evidence from the Tell edh-Dhiba’i. 



an 


Fig. 2. The crucible in the casting scene of the Tomb of 
Mereruka, Saqqara (Photo CJ Davey). 


Fig. .1 The crucibles forming the furnace in the melting 
scene of the Tomb of Mereruka, Saqqara (Photo CJ Davey). 
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TELL EDH-DHIBA’I 

Tell edh-Dhiba’i is located in the suburbs of Bagh¬ 
dad and was excavated by the Directorate of Antiqui¬ 
ties, Iraq, in 1965 under the direction of Lamia 
al-Gailani (al-Gailani 1965). The material at the site 
belonged to the Isin-Larsa and Old Babylonian peri¬ 
ods of the early second millennium BC (al-Gailani 
1965:33,35). 

A coppersmiths' workshop was found in the 
course of the excavation dating to the Old Babylo¬ 
nian period, which is about 1800 BC. A personal re¬ 
port from Dr al-Gailani indicated that during the 
excavation of the workshop it began to rain and as 
some of the items were sun-dried clay, it was neces¬ 
sary to remove objects hastily. Excavation records 
were therefore less than ideal. 

The preliminary report of the excavation con¬ 
tained comments by VV. Winton of Science Museum, 
London, who studied photographs of the finds and 
identified the objects under discussion as crucibles. 
However he was not aware of the Egyptian depic¬ 
tions and proposed a system of tilting to contain and 
pour molten metal (al-Gailani 1965: 36). 

In 1977 with the support of the British School 
of Archaeology in Iraq, Christopher Davey was 
able to study the Tell edh-Dhiba’i collection in the 
course of which a number of discoveries were made 
(Davey 1983). These included the identification of 
a lost-wax mould, a pattern and core for an axe 
head providing the earliest evidence for sand cast¬ 
ing and complete crucibles of the shape depicted in 


the Egyptian Old Kingdom Tomb of Mereruka. 
Moorey describes and discusses the material in 
detail acknowledging its importance (1999: 
265-272). 

Much of the collection, including all the cruci¬ 
bles, was on display at the time of the study in 1977. 
The display was dismantled and reassembled in 
stages allowing the collection to be studied in groups 
making it impossible to study all the crucibles to¬ 
gether or to revisit issues associated with an object 
once it had been returned to the display. Analysis was 
largely limited to visual inspection. 

There were five crucibles and one fragment 
(Fig. 4). There is a certain standardisation of size and 
shape. The crucibles are 90 - 130 mm diameter and 
I 10 - 150 mm in height. Crucibles 614/7 and 614/3 
are the same size and shape, as arc 614/6 and the 
fragment 614/8. The two larger crucibles are not 
identical, however, an inspection of them reveals that 
their internal dimensions and shapes are consistent 
with the smaller crucibles, 614/5 with the first two 
and 614/4 with the latter crucible and the fragment. 
The size difference is the result of a thicker body. 
This consistency was not appreciated until replicas 
of the crucibles were made as described below and 
the drawings made in Baghdad were compared. 

The crucibles were all made from local clay tem¬ 
pered with grog and chopped straw or grass. The 
grog was probably ground up pottery such as used 
crucibles and the straw was evident from the imprints 
it left. The fabric was therefore not particularly 
strong, but it was a good insulator. 
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Crucible 614/6 was unused. Its surface was a 
pinkish colour, but less than 2mm under the surface 
the colour of the fabric was blackish. This would indi¬ 
cate a short heating of the crucible, maybe in an oven. 
The straw itself was not apparent indicating that the 
crucible had been heated to a temperature of at least 
600°C. The presence of a lost wax mould at the site 
reveals that there were other ceramics used by the 
metal-smiths that required such heating prior to use. 

Crucible 614/5 had a fabric thickness of over 
3cm, twice that of Crucible 614/6. It had been used 
and was in a poor state of repair with the external 
surface layers flaking of!'in an onion effect. This be¬ 
haviour has prompted speculation that the crucible 
may have been sun-dried prior to use, rather than 
heated in an oven; this may explain the use of a 
thicker body. The pot-bellows found at the site also 
appeared to be sun-dried. 

All the used crucibles hud numerous stress cracks 
indicating severe differential heating. The internal sur¬ 
faces of the crucibles and the fragment were black¬ 
ened at the bottom inside the lip and some had traces 
of copper. However, slag or vitrified material in this 
area was not significant indicating that the clay had 
only limited amounts of fluxing agents, such as iron, 
and that heating had not been prolonged. The evidence 
is therefore for the concentration of heat and the melt¬ 
ing of copper in the bottom of the crucibles. 

The exterior surface of Crucible 614/7 was white 
and friable around the front opening indicating that 
there had been repeated applications of heat in that 
region (Fig. 5). The rest of the outside surface of the 
crucible retained its pinkish hue showing no signs of 
significant protracted heating. This confirms the fur¬ 
nace configuration depicted in the Mereruka reliefs 
which show the fire against the front of the crucible 
and inside it. 

Inside Crucible 614/7 were some corroded metal 
fragments, insufficient for a quantitative analysis, 
but adequate for X-ray fluorescence which detected 
the presence of copper, tin. arsenic and traces of iron 
and nickel. 

The fragmentary crucible 614/8 is significant. A 
logical reconstruction in the light of current typolo¬ 
gies would have it formed into a bowl shape, but it is 
clearly the base of a crucible with the same shape as 
the other Tell edh Dhiba’i crucibles. An inspection of 
archaeological site reports, some of which are men¬ 
tioned below, reveals numerous such fragments. 

The crucibles found at Tell cdh-Dhiba’i reveal a 
consistency with the scenes depicted in the Tomb of 
Mereruka. The crucibles were used in a near upright 



Fig. 5. Picture of Crucible 614/7 showing the white col¬ 
ouring at the front and stress fractures (Photo CJ Davey). 

position with forced air applied through the hole in 
the front (Fig. 6). There must have been a barrier 
covering much of the opening at the base to help re¬ 
tain the molten metal in the crucible. The air forced 
into the crucible was heated as it passed through 
burning charcoal placed against the front of the cru¬ 
cible and was directed at the metal to be melted 
above which was more charcoal fuel. This technique 
did not significantly heat the external surface of the 
crucible except immediately around the side 
opening. 



Fig. 6. Cross-section of the proposed crucible metal 
melting operation. 
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EXPERIMENTS -FIRST SERIES 

The geometry of the Tell edh-Dhiba’i crucibles is 
asymmetrical and quite complex so that normal pot¬ 
tery forming techniques were not appropriate. In¬ 
stead it was found convenient to form the replica 
crucibles over a pattern shaped like a bull’s horn 
(Fig. 7). The uniformity of internal shape of the Tell 
edh-Dhiba’i crucibles described above would sup¬ 
port this approach and indicates that they were 
formed using two different horn-shaped patterns. 

First series of experiments were undertaken at 
the Royal Melbourne Institute of Technology in 
1985. The crucibles were made from Melbourne's 
Merri Creek clay which contains iron oxide, a flux¬ 
ing agent. 

The crucible was buried in a bed of charcoal after 
a barrier of clay was placed over the spout of the cru¬ 
cible. A thermocouple was located inside the cruci¬ 
ble to monitor temperature. A stream of air was 
aimed at the front of the crucible over the top of the 
clay barrier. 

The temperature was sluggish to increase until a 
refractory brick was placed on top of the crucible 
producing an immediate rise in temperature. How¬ 
ever it remained difficult to exceed 1000°C. 

After pulling down the furnace it was discovered 
that the barrier was secured to the crucible by slag 
and attempts to dislodge it resulted in breaking the 
crucible. This demonstrated the failure pattern of the 
crucibles. The fragment so created was similar in 
shape to Tell edh-Dhiba’i crucible fragment 614/8 
and the others reported in the literature. 

While the trial was a failure it highlighted a 
number of important aspects. The refractory nature 
of the original crucibles, and more particularly the 
barrier, was important as vitrification of them would 
prevent the removal of the barrier. The Tell edh- 



Fig.7. Making a replica crucible over a horn-shaped 
pattern (Photo CJ Davey). 


Dhiba’i crucibles in some cases were well used but 
there was little evidence of vitrification. The lid on 
the crucible was important for elevating the tempera¬ 
ture. This feature is clear on the Mereruka reliefs, but 
had not previously been commented upon. 

The ventilation of the furnace was significant. It 
was clear that the accuracy of the air blast and the air 
velocity itself rather than volume were the main con¬ 
tributors to high furnace temperatures. Blowpipes 
with a substantial choke in the nozzle may achieve 
these characteristics more effectively than bellows 
and tuyeres. Interestingly, an object that defied iden¬ 
tification in the Tell edh-Dhiba’i collection, No- 
614/10, may have been a blowpipe nozzle that was 
made incorrectly - the small hole not being com¬ 
pleted. Above all, the barrier mechanism needed 
more attention along with the rest of the ceramics. 


EXPERIMENTS -SECOND SERIES 

A second series of experiments were conducted in 
2006 under the auspices of the Australian Institute of 
Archaeology. New crucibles were made over the 
same pattern used for the earlier experiments using 
clay with no fluxing agents. The crucible was fired 
prior to use to a temperature of about 800°C. 

The barrier was shaped from a piece of refrac¬ 
tory brick and stuck to the crucible using low-iron 
oxide clay mixed with dung. The metal used was 
brass with a melting point of 1040°C. The proposed 
configuration was based on the images in the Tomb 
of Mereruka (Fig. 6). 

The use of blowpipes operated by people was 
considered an occupational safety risk because of the 
possibility of drawing back hot furnace gases. In¬ 
stead compressed air was applied at a pressure 1 at¬ 
mosphere through a nozzle choked down to 4 mm 
diameter. The nozzle was aimed at the front opening 
of the crucible and over the top of the barrier in a 
manner similar to the depiction in the Tomb of 
Mereruka. 

Steady air flow rather than pulsed flow has been 
used in other pyro-tcchnological experiments (Pryce 
et al. 2007: 546). The approach is considered con¬ 
servative as a pulsed flow would achieve greater air 
velocity and higher furnace temperatures. 

The crucible was charged with charcoal and a 
pile of charcoal was placed in front of it (Fig. 8)- 
During each firing the temperature rose to 750- 
800°C in 8 minutes where it remained for almost 
twenty minutes, before rising to 1100-1200°C where 
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F 'S- 8. Crucible set up and operating at a temperature ot 
* (Photo CJ Davey). 

>t stayed until the conclusion of the firing 10 minutes 
later (Fig. 9). The barrier was dislodged and it was 
found necessary to hold the crucible steady when 
doing this. The metal flowed out of the crucible as¬ 
sisted by a little tilting. 

The heating profile was repeated more than once, 
fhe reason for the platcauing of the temperature after 
k minutes remains a mystery. The amount of charcoal 
Used was 350gm and the amount of brass melted was 
7 °gm. The efficiency of the melting operation could 
greatly improved with practice and it is considered 
'hat the amount of metal that could have been melted 
"'i'h this weight of charcoal was much larger. 

it was found that a sharp knock would dislodge 
gate. Cleaning the charcoal away from the molten 
metal was difficult and hazardous. The Mereruka 


scene sequence showing that the crucible was lifted 
from the fire and the gate was dislodged so that the 
molten metal flowed underneath it skimming off of 
any floating charcoal, would address this problem. 

REVIEW OF CRUCIBLE FRAGMENTS 

Crucible fragments from the Bronze Age Levant and 
Mesopotamia have been reported in the literature. 
Hazor and Serabit el-Khadim are two cases in point 
(Yadin 1958: pi. 98; Beit-Arieh 1985) and it is nor¬ 
mally assumed that the fragments once formed bowl¬ 
shaped crucibles. The drawings of the crucible 
fragments from both locations, however, are indica¬ 
tive of the fragments from Tell edh-Dhiba’i and the 
fragment created during the first experiment. 

Indeed if the crucibles were bowl shaped, there 
would be little reason for them to break. The fact that 
there are numerous fragments of similar shape strength¬ 
ens the argument that these arc the remnants of Mere- 
ruka-style crucibles. It may reasonably be concluded 
that Mereruka-stylc crucibles were common in the 
Bronze Age of the Ancient Near East, but have not 

generally been recognised. 

By comparison, large numbers of crucibles were 
discovered at Byblos on the coast of Lebanon. Al¬ 
though Byblos was a city in constant contact with 
Egypt, none of the reported crucibles have the shape 
of those from Tell edh-Dhiba’i. Byblos was in a lo¬ 
cality where fuel for firing furnaces would not have 
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been scarce and so if the argument below is correct. 
Tell edh-Dhiba’i shaped crucibles may not have been 
appropriate. 

DISCUSSION 

The propensity of these crucibles to break may raise 
the question of their use. Indeed, why not use the 
simpler form and straightforward technology of a 
bowl crucible. 

The earlier publication of the crucibles suggested 
that the Mereruka shape was used in arid regions 
where charcoal fuel for the furnace was scarce or had 
to be imported (Davey 1983, 1988). The story of 
charcoal has not received much comment by histori¬ 
ans and yet it is one of the more important aspects of 
metal working (de Jesus 1980: 37-39). Rehder 
(2000: 76) has argued that one adult male using a 
blowpipe should be able to achieve a temperature of 
over 1100°G in a fuel bed of charcoal. Charcoal is 
the most efficient fuel in the ancient world to achieve 
high temperatures. 

The vegetation that could be made into charcoal 
was scarce in arid regions, and so its use would have 
been restricted. The quality of charcoal available may 
also have been variable. Charcoal may even have 
been imported into such areas and while it is not 
heavy, it is bulky. Metal could have been recycled by 
its owners, making tools in times of peace and weap¬ 
ons in time of war, charcoal however was an expend¬ 
able resource. If it was not locally available, it would 
have been a significant cost to metal smiths in Meso¬ 
potamia, Egypt and the interior of the Levant because 
of the distance it had to be brought, its bulky nature 
and the cost and risks of production. Anything that 
reduced the usage of charcoal would have been 
important. 

Craddock has questioned the use of blowpipes 
after the introduction of bellows and has claimed that 
their depiction in Old Kingdom tomb metal melting 
scenes ‘represents artistic conservatism' (1995: 178). 
He does however concede that blowpipes offer accu¬ 
racy in directing the blast of air. Ilis comments are 
made in the context of a discussion ofsmelting rather 
than melting. Melting operations required far less 
ventilation unless large amounts of metal were in¬ 
volved, and so his comments about the tomb scenes 
such as those of Mereruka where comparatively 
small amounts of metal were melted are of doubtful 
validity. Compounding the problem is the fact that 
the date for the introduction of bellows is hard to de¬ 


termine as the earliest types were almost certainly 
made from materials that have not survived. 

The depictions of the Tomb of Mereruka and the 
crucibles found at Tell edh-Dhiba’i both reveal accu¬ 
racy with respect to the application of heat. The cru¬ 
cibles were subjected to significant temperature 
differentials as the air blast was focussed into the 
crucible to concentrate the heat on the metal it con¬ 
tained. With a lid on it, the crucible became a furnace 
retaining much of the heat generated. 

The refractory fabric of the crucibles prevented 
the exterior surface heating excessively so that the 
Mereruka relief image of the crucible being carried 
is quite plausible. Rchrcn's previously referred to 
comment about this aspect of the crucible scenes de¬ 
picted in the Tomb of Rekh-mi-re applies equally to 
those of the Tomb of Mereruka (Rehren 1995: 103). 

The stress cracks in the Tell edh-Dhiba’i shows 
them to have a limited life and explains how they 
could break if used for one casting too many. The 
thermal stresses associated with differential heating, 
the physical stresses of being carried fully charged 
and the shock generated by the dislodging of the gate 
at the time of casting may all have led to the 
breakages. 

The volume of metal that can be melted in the 
crucible is limited to about 50ml. The size of objects 
that could be cast is therefore not large, although it is 
possible that metal from more that one crucible could 
be poured into the same mould one immediately fol¬ 
lowing the other. The fact that two crucibles arc used 
simultaneously in the Tomb of Mereruka scene 
makes this possibility likely. It also means that the 
crucible is more appropriate for the use of village 
metal-smiths than for large state sponsored enter¬ 
prises such as those depicted in the New Kingdom 
Tomb of Rekh-mi-re. 


CONCLUSIONS 

The experiments have demonstrated the practicali¬ 
ties of using the Tell edh-Dhiba’i -Mereruka-style 
crucibles to melt copper alloy and they have shown 
that there is no reason why the scenes depicted in the 
Tomb of Mereruka arc not plausible. The height of 
the pour depicted in the tomb reliefs may have been 
increased to emphasise the nature and success of the 
operation, but that aside, the representations are 
accurate. 

The experiments also revealed the failure pattern 
of the Tell edh-Dhiba’i -Mereruka-style crucible pro- 
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ducing fragments of a shape consistent with broken 
crucibles from sites elsewhere in the arid regions of 
western Asia. This leads to the belief that they were 
the normal means of melting metal in that area for at 
least part of the Bronze Age. This has not previously 
been recognised. 

The fuel efficiency of the crucibles was not relia¬ 
bly quantifiable from the experiments, however it 
may be dependably inferred from the nature of the 
operation. Meat was applied directly to the metal 
being melted and much of this heal was retained in 
the immediate vicinity of the molten metal because 
of the crucible’s insulating fabric and the lid placed 
on it. 

Contemporary practice in Lebanon, Anatolia and 
Europe saw the use of bowl type crucibles that were 
sometimes placed on top of a heat source. The opera¬ 
tion of such crucibles was straight forward but the 
heat losses were many. The skill of the metal-smiths 
in these areas was to be seen more in their moulding 
technology than their crucible operations. 

The operation of the Tell edh-Dhiba’i -Mereruka- 
style crucibles was not straight forward and the 
metal-smiths using it had to be skilled in their use. 
The reason why such complex crucibles were used 
for what was otherwise a simple operation needs ex¬ 
planation. especially as it appears that these crucibles 
were ubiquitous in some regions. 

The original conclusion that the Tell edh-Dhiba’i 
-Mereruka-style crucible was used where fuel 
sources were limited seems to be strengthened. The 
plausibility of the crucible operation in a fuel effi¬ 
cient manner has been demonstrated by experiment. 
The occurrence of fragmentary Tell edh-Dhiba’i - 
Mereruka-style crucibles in the drier regions of the 
Levant adds support to the conclusion. 
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This paper describes a small microgastropod fauna from the Lower Triassic Yelang Formation at the 
Zhongzhai section, Guizhou Province, southwestern China. A new species Polygyrina zhongzhaiensis sp. 
nov. and two other species of Polygyrina (P depressa Wang and P sp.) are described and illustrated. The 
shell beds predominantly composed of the microgastropods are interpreted to indicate a stressed environ¬ 
ment where salinity appears to have been abnormal, and oxygen and food supply were deficient. 

Key words: Early Triassic, microgastropod fauna, Polygyrina zhongzhaiensis sp. nov„ Zhongzhai section, southwestern 
China. 


THE END-PERMIAN mass extinction is the largest 
among the ‘Big Five’ mass extinctions in Earth his¬ 
tory (Sepkoski 1981; Envin 1994), and it witnessed 
more than 90% loss of all species in the marine realm 
(Erwin 1994; Yang et al. 1993; Hallam & Wignall 
1997). Small-sized invertebrates Characterised the 
post-extinction period of the Early Triassic. Of these, 
microgastropod-dominated assemblages are among 
the most notable faunas that had survived the mass 
extinction, and hence a study of these and other simi¬ 
lar ‘survival faunas’ could offer significant insights 
into the recovery process of Early Triassic marine bi¬ 
otas. It is for this reason that Early Triassic microgas¬ 
tropod faunas have attracted much attention from 
palaeontologists globally in recent years (Twitchett 
2001; Fraiser& Bottjer 2004,2005; Niitzcl 2005a,b; 
Niitzel & Schulbcrt 2005). 

Unlike the higher diversity of the Middle to Late 
Triassic gastropods (Erwin 1990; Niitzel 2005a). the 
Induan Slagc of the Early Triassic recorded a low di¬ 
versity, largely monotonous but numerically abun¬ 
dant gastropod fauna throughout the world. Cilobally, 
this Induan fauna is composed of 13 species in eight 
genera (Niitzel 2005a). Another feature that charac¬ 
terises the Early Triassic gastropod fauna is their 
small body size, usually less than 1 cm in shell 
height. This has led to the expression of microgastro¬ 
pods as referred to in some previous literature (e.g. 
Fraiscr et al. 2005). 

In this paper, a new microgastropod fauna is de¬ 
scribed from the Zhongzhai section in western Guizhou 


Province, southwestern China. A new species, Polygy¬ 
rina zhongzhaiensis sp. nov., as well as two other spe¬ 
cies of Polygyrina (P. depressa Wang and P. sp.) are 
described. In addition, palaeoccological implications 
of this microgastropod fauna are also discussed. 

GEOLOGICAL SETTING 

The Zhongzhai section is located 5 km north of the 
Zhongzhai Village, Landai Town, Liuzhi County, 
Guizhou Province (Fig. I). Palaeogeographically, the 
section was situated in the littoral - neritic transi¬ 
tional facies in the west of the Yangtze Basin in the 
Early Triassic (Peng et al. 2005). The section in¬ 
cludes the uppermost part of the Upper Permian 
Longtan Formation and the basal part of the Lower 
Triassic Yelang Formation (Fig. 2). 

The uppermost part of the Longtan Formation at the 
Zhongzhai section is composed mainly of clastic rocks, 
in which abundant eephalopods, brachiopods, bivalves 
and gastropods have been found (Fig. 2). The cephalo- 
pods include: Lopingocems sp., Pernodoceras sp., Pleit- 
mnodoceras sp., Pseudogastriocems sp. The bivalves 
are represented by Astartella ambiensis (Waagen), A. 
symmetrica Liu, Etheripecten sp., Guizhoupecten sp., 
Isognomon sinensis (Freeh), Palaeolima sichuanensis 
Liu, P. sp., Palaeoneilo guizhouensis Chen & Lan, 
and Pernopecten sichuanensis Liu. Tire brachiopods 
comprise Cathaysia chonetoides (Chao), Crurithyris 
speciosa Liao, Neochonetesstmphomenoides (Waagen), 
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N. substrophomenoides (Huang), Orthothetinci ruber 
(Freeh), Spinomarginifera alpha (Huang), S. chenyaoy- 
anensis Huang, S. sp., Tethyochonetes guizhouensis 
(Liao), T. soochowensis (Chao), T. wongiana (Chao), 
and T. liaoi Chen, Shi, Shcn & Archbold. 

The basal part of the Lower Triassic is mainly 
composed of elastic rocks (Fig. 2). Fossils are also 
abundant in this interval, commonly forming shell 
beds. I lowcver, overall the Lower Triassic fauna is 
very low in species diversity compared with their 
Late Permian counterparts, and comprises mainly 
representatives of the thin-shelled bivalve Claraia 
assemblage (dominated by species of Claraia, along 
with Plena, Eumorph'olis and Towapteria), the thin- 
shelled and small-sized lingulid brachiopod assem¬ 
blage (dominated by linguliform species, see Peng et 
al. 2007) and a microgastropod assemblage domi¬ 
nated by species of Polygyrina. 

AGE 

Several lines of evidence indicate that the Permian- 
Triassic boundary at the Zhongzhai section is located 
in bed 12 or between beds 12 and 13 (Fig. 2). Below 
bed 12, most fossil types arc typical Late Permian ele¬ 
ments in South China. The brachiopods found in beds 
1 to 11 at the Zhongzhai section are typical of the 
Changhsingian. For example, the species of Spinomar¬ 
ginifera alpha (Huang), Fusichonetes nayongensis 
(Liao), Crurithyrisflabelliformis Liao, Tethyochonetes 
chaoi Chen, and Perigeverella sp. are usually domi¬ 
nant elements in the Late Permian Changhsingian Pel- 


tichia zigzag - Paryphella sulcatifera assemblage in 
South China (Liao 1979). Ammonoids such as Perno- 
doceras sp., Pleuronodocems sp., Pseudogastriocems 
sp. arc also typical Late Permian elements in South 
China (Zhao et al. 1978). In bed 11, the conodont 
Clarkina meishanensis - Hindeodus pmepannts Zone, 
of latest Permian age, has recently been reported 
(Metcalfe & Nicoll 2007). 

From beds 13 to 18, the faunas rapidly changed 
their composition, most of which arc typical ele¬ 
ments for the Early Triassic. For example, the bi¬ 
valves Plena ussitrica variabilis Chen & Lan and 
Claraia wangi (Patte) are commonly found in the In- 
duan (Early Triassic) bivalve faunas of South China 
(Pan 1982; Yin 1985; Yin et al. 2001). Most impor¬ 
tantly, Hindeodus parvus (Kozur & Pjatakova), the 
index fossil for the base of the Triassic (Yin et al. 
2001; Zhang et al. 2007 occurs in bed 15 of the 
Zhongzhai section (Metcalfe & Nicoll 2007). 

The microgastropod fossils described in this 
paper were mainly collected from beds 17 and 18 of 
the Zhongzhai section. They are associated with typ¬ 
ical Early Triassic fossils, as outlined above. This mi¬ 
crogastropod fauna is of low diversity, consisting of 
three species of one genus, and all arc very small in 
size (<1 cm in shell height) and smooth-shelled. De¬ 
spite low species diversity, the microgastropods typi¬ 
cally arc very abundant within the beds in which they 
occur and, as a result, they tend to form typical mi¬ 
crogastropod shell beds as defined by Fraiser et al. 
(2005) (Fig. 3). 
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Fig. 2. Stratigraphical column of the Zhongzhai section. 
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Fig. 3. Microgastropod-dominated shell bed from the 
Induan of the Zhongzhai section. 


PALAEOECOLOGICAL IMPLICATIONS 

Rocks containing the Early Triassic microgastropod 
shell beds at the Zhongzhai section are characterised 
by silty mudstone and argillaceous siltstone with 
parallel bedding and cross bedding. The sediments 
and the structures thus would indicate a shallow- 
water, probably nearshore, marine environment. The 
environment was likely to have experienced frequent 
salinity fluctuations due to its proximity to shoreline 
and influx of land-derived argillaceous material. This 
suggestion is corroborated by comparison with the 
living environment of modern microgastropod fau¬ 
nas. Srivastava and Almeida (2000) reported numeri¬ 
cally abundant microgastropods occurring on 
microbial mats in Lagoa Salgada, Brazil, where they 
coexist mainly with diatoms, bivalves, ostracods and 
some other micro-organisms. The salinity of the 
Lagoa Salgada environment is 6.35%, nearly twice 
the average salinity of normal marine water. This 
would suggest that the modem microgastropod com¬ 
munity at Lagoa Sagada is settled in a marine envi¬ 
ronment with frequent and high salinity fluctuations. 
Interestingly, Niitzel and Schulbert (2005) have also 
proposed salinity fluctuation as being the main fac¬ 


tor responsible for the formation of the monospecjfj c 
microgastropod assemblage from the Early Trias s j c 
Gastropod Oolite member of the Werfen Formatj 0n 
in North Italy. 

In this context, it is also interesting to note the 
close association of the Early Triassic microgastro¬ 
pods with small-sized lingulid brachiopods and 
smooth and thin-shelled bivalves from the same 
beds. These thin-shelled and small-sized faunas have 
been considered more advantageous for living in an¬ 
oxic environments as they would have attained a 
larger surface area/volume ratio to absorb oxyi> en 
more efficiently (Twitchett 2001), and to obtain nto re 
oxygen directly through shell exchange (Levin 
2003). According to Zehnder (1988), a greater sur¬ 
face area/volume ratio would give minute and thin- 
shelled marine invertebrates a greater metabolic 
flexibility, which in turn would result in a greater 
ability to maximise the use of food resources and 
food intake in the absence of oxygen (see also New¬ 
ell & Boyd 1995). If these interpretations are fol¬ 
lowed. the presence of the microgastropod-dominated 
biofacies in the earliest Triassic would suggest an ox¬ 
ygen-deficient and food-starved environment. 


SYSTEMATIC PALAEONTOLOGY 

The classification of Gastropoda adopted herein fol¬ 
lows Knight et al. (1960). All specimens described in 
this paper arc preserved in the Micropalaeontology 
Laboratory, Faculty of Earth Sciences, China Uni¬ 
versity of Geosciences, Wuhan, People’s Republic of 
China, with prefix ZHZ. 

Order CAENOGASTROPODA Cox, 1959 
Family POLYGYRINIDAE Bandel, 1991 

Genus Polygyrina Koken, 1892 

Diagnosis. Shells with seven or more whorls, spire- 
whorl face strongly convex, protoconch obtuse, aper¬ 
ture round. 

Discussion. Polygyrina differs from the genus Pseu- 
domwchisonia Wittenburg, 1908 as the latter is a 
much lower-spired shell with five whorls at most 
(see P. kokeni Wittenburg. figured by Niitzel & 
Schulbert 2005). 

Polygyrina depressa Wang in Wang & Xi, 1980 
Fig. 4A-R 
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Table 1. Size measurements of Polygyrina depressa Wang in Wang & Xi. 


Specimen number 

Shell height (mm) 

Shell width (mm) 

Pleural angle (°) 

Ratio of final whorl width to 
width of its adjacent whorl 

ZHZ-18-16 

4 

2 

30 

1.4 

ZHZ-18-21 

5.5 

2.5 

20 

1.1 

ZHZ-18-48 

4.5 

2.5 

29 

1.36 

ZHZ-18-18 



19 


ZHZ-18-37 



18 

1.1 

ZHZ-18-46 



24 

1.3 

ZHZ-18-50 



30 

1.3 

ZHZ-18-39 



29 

1.4 

ZHZ-18-20 



28 

1.25 

ZHZ-18-104 



27 

1.3 

ZHZ-17-009 



24 

1.3 

ZHZ-17-004 



22 

1.2 


Polygyrina depressa Wang in Wang & Xi 1980: 221, 
pi. 7, fig. 16. —Pan 1982: 177, pi. 5, figs. 5, 6. 

Materials examined. Fifteen specimens, fourteen of 
which were preserved as body fossils and each with 
3-4 whorls, and one of them preserved as an external 
mould with 8 whorls. (Table I.) 

Description. Small high-spired shell with an obtuse 
apex, pleural angle 18°-30°, sutural grooves deep, 
shell twice as high as wide; two weak keels at upper 
and lower margins of final whorl face: shell of eight 
whorls; whorl face strongly convex, whorl height 
about twice high as wide, gradually expanding in 
width; height and width of final whorl much greater 
than other whorls. Base strongly convex, growth 
lines faint and opisthocyrt; aperture round. 


Discussion. Observable features of the present material 
are consistent with Polygyrina depressa of Wang & Xi 
(1980), especially in the obtuse apex, the pleural angle 
(10°-30°), a larger final whorl (relative to other whorls), 
and the whorl shape and number of whorls (high-spired 
shell, with 8 whorls). As our material is better presened 
than the type material of the species figured by Wang & 
Xi (1980), it should therefore be noted that the species 
possesses two weak keels, respectively at the upper and 
lower margins of the final whorl face (Figs 4.1-K), faint 
growth lines on the final whorl face (Figs 4L, 4N, 4P), 
and a round aperture (Figs 4K, 4R). 

Occurrence and Age. Fcixianguan Formation, western 
Guizhou, South China; Induan (earliest Triassic). 

Polygyrina zhongzhaiensis sp. nov. 

Fig. 5A-K 


Fig. 4 (page 162). Polygyrina depressa Wang. A, ZHZ-18-37, apertural view, x7. B, ZHZ-18-46, apertural view, x 10. C, 
ZHZ-18-48, apertural view, x8. D, ZHZ-18-1 6 , apertural view, x 10. E, ZHZ-18-50, apertural view, x 11. F, ZHZ-18-39, ap¬ 
ertural view, xlO. G. ZHZ-18-20. apertural view, * 15 . H, ZHZ-18-104, apertural view, xl6.1, ZILZ-18-21, apertural view 
(other whorls missed except final whorl), *8. J-L, ZIIZ-17-009. apertural view (two weak keels respectively at upper and 
lower margins of final whorl face), apertural view (a round aperture), faint growth lines on final whorl face, x30, x30, x85. 
M-N, ZHZ-17-004, apertural view, faint growth lines on final whorl face, xio, x25. O-P. ZHZ-18-35. apertural view, faint 
growth lines on final whorl face. x8, x32. Q, ZHZ-18-18. apertural view of an external mold, *8. R, ZHZ-18-23, apertural 
view (a round aperture), x24. All specimens from the Zhongzhai section, Guizhou, southwestern China. 

Fig. 5 (page 16)). A-K, Polygyrina zhongzhaiensis sp. nov. A. ZHZ-18-24, apertural view, x 10. B, ZHZ-18-25, apertural 
view, x 12.5. C, ZHZ-18-38, holotypc. apertural view, x 12. D, ZHZ-18-28, apertural view (columella can be seen), *9. E. ZHZ- 
18-14, apertural view, *7. F, ZIIZ-18-19, apertural view, *8. G. ZHZ-18-47, apertural view, xio. II, ZHZ-18-22, apertural 
view, x8.1, ZHZ-18-30, apertural view, xlO. .1, ZIIZ-I8-I7, apertural view of an external mold, x|0. K., ZHZ-18-103. longitu- 
dal-cross section of three whorls ofa gastropod, *20. L-M, Ptychoheiiemphon sp. L. ZHZ-8-002, apertural view, * 5. M, ZHZ- 
8-002, side view, x 4 . N-R. Polygyrina sp. N, ZHZ-17-002, apertural view, x|(). O, ZHZ-18-31, apertural view, x 8. P, 
ZHZ-18-15, apertural view, x 20. Q, ZI1Z-18-10I, apertural view (a keel at upper margin of whorl face), * 12.5. R, ZI1Z-17- 
001, apertural view of an external mold, x 12.5. All specimens from the Zhongzhai section, Guizhou, southwestern China. 
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Table 2. Size measurements of Polygyrina zhongzhaiensis sp. nov. 


Specimen 

number 

Shell height (mm) 

Shell width (mm) 

Pleural angle (°) 

Ratio of final whorl width to 
width of its adjacent whorl 

ZHZ-18-28 

5 

2.5 

50 

1.6 

ZHZ-18-38 

5 

2 

38 

1.5 

ZHZ-18-14 

6.5 

3 

35 

1.5 

ZHZ-18-24 



58 

1.5 

ZHZ-18-25 



57 

1.7 

ZHZ-18-19 



46 

1.6 

ZHZ-18-47 



38 

1.5 

ZHZ-18-30 



36 

1.5 

ZHZ-18-22 



42 

1.6 


Table 3. Size measurements of Polygyrina sp. 


Specimen number 

Shell height (mm) 

Shell width (mm) 

Pleural angle (°) 

Ratio of final whorl width to 
width of its adjacent whorl 

ZHZ-17-002 

5 

2 

36 

1.4 

ZHZ-18-31 

5 

2.5 

36 

1.3 

ZHZ-18-15 



28 

1.3 


Etymology. Refers to Zhongzhai Town, the type lo¬ 
cality of this species. 

Holotype. An incomplete shell, with first 6 whorls 
preserved in external mould (ZHZ-18-38). 

Ollier materials examined. Ten specimens, nine of 
them were preserved with 2-6 whorls, and one of 
them preserved in vertical section from which inter¬ 
nal structures can be seen. (Table 2.) 

Diagnosis. Small high-spired shell with a pleural 
angle of 30°-50°, and abruptly increased height and 
width oflhe final whorl. 

Description. Small loxoncmatid with eight whorls and 
an obtuse apex, pleural tingle 30°-50°; shell twice as 
high as wide; sutural grooves deep; whorl face strongly 
convex, twice as wide as high, gradually expanding in 
width except for the final whorl which is conspicu¬ 
ously higher and wider than other whorls. Base 
strongly convex, growth lines faint and opisthocyrt. 
Aperture unknown. 

Discussion. The new species is similar to P. depressa 
in high-spired shell, obtuse apex, and the number 
and shape of whorls; however, the new species can 
be distinguished by having a larger pleural angle and 
a more rapid increase in the width of its final whorl 


(Fig. 6). The new species resembles Polygyrina gra- 
cilior Schaurotb in general morphology, both being 
characterised by a high-spired shape. However, as 
noted by Niitzel (2005a) and Niitzel and Schulbert 
(2005), Polygyrina gracilior was originally based on 
very poorly preserved specimens and as a result the 
species was poorly defined. This has led to the spe¬ 
cies name having been widely used as a ‘dustbin’ 
(Niitzel 2005a) to include many high-spired Early to 
Late Triassic gastropod specimens. Therefore, until 
Polygyrina gracilior can be clearly re-defined with 
better preserved material from the type locality, any 
further comparison of any possibly related specimens 
with this species is hindered. 

Occurrence and Age. Feixianguan Formation, western 
Guizhou, South China; Induan (earliest Triassic). 

Polygyrina sp. 

Fig. 5N-R 

Description. Small high-spired shell with an obtuse 
apex; shell twice as high as wide; pleural angle 20°- 
25°; sutural grooves deep, nearly vertical to the axis; 
a prominent keel at upper margin of each whorl face. 
Shell of 6-7 whorls; face of each whorl strongly con¬ 
vex, about twice as wide as high, and whorl dimen¬ 
sions increasing gradually except for the final whorl 
which is proportionately higher than wide and is 
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Fig. 6. A scatter plot comparing the pleural angle and 
the ratio of the width of final whorl to the width of its adja¬ 
cent whorl (W1AV2) for several Polygyrina species. 

geniculatcd at its left upper part. Base slightly con¬ 
vex. Aperture unknown. (Table 3.) 

Discussion. This high-spired shell with gradually ex¬ 
panded whorls and strongly convex whorl face indi¬ 
cates that it belongs to Polygyrina. This species can 
be distinguished from Polygyrina depressa and Poly¬ 
gyrina zhongzhaiensis sp. nov. in having a more 
prominent keel at the upper margin of each whorl 
face, fewer whorls, and a less convex whorl face. 

Occurrence and Age. Feixianguan Formation, western 
Guizhou, South China; Induan (earliest Triassic). 
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THE MICROMORPHIC BRACHIOPOD ARGYROTHECA 
(TEREBRATULIDA: MEGATHYRIDOIDEA) IN AUSTRALIA 
AND NEW ZEALAND 
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Hiller, N„ Robinson, .1. 1 1. & Lee, D. E., 2008. The nticromorphic brach iopod Argymtheca (Tcrebratulida: 
Megathyridoidea) in Australia and New Zealand. Proceedings of the Royal Society of Victoria 120(1): 
167-183. ISSN 0035-9211. 

The nticromorphic megathyrid brachiopod Argymtheca is widespread in modern oceans and can be 
quite common in some places. Two of the numerous described species occur off the Australian coast, but 
the genus has not yet been recorded from New Zealand waters. Fossil forms, ranging back to the Late 
Cretaceous, are equally widespread and numerous. 

The two living Australian species display the extreme morphological forms adopted by the genus; A. 
mayi Blochmann. 1913 is smooth shelled, with elongate triangular to subpentagonal outline and greatest 
width just anterior of mid-valve. A. australis (Blochmann, 1910) is coarsely costatc, transversely ovoid to 
semi-circular with greatest width at the hinge line. Fossil Argymtheca are extremely rare in Australia, but 
an Eocene form from the Browns Creek Clay of Victoria is described here as the new species, A. richard- 
sonae. 

In New Zealand, fossil Argymtheca arc known from Early Eocene - Early Oligocene limestones on 
the South Island and Chatham Island and from Early Miocene siltstones from the North Island. Two new 
species, A. kupei and A. oamarutica are described. All known New Zealand specimens are smooth 
shelled. 

Key words: bracluopods, Argymtheca species, Cenozoic, Australia, New Zealand. 


THE MICROMORPHIC megathyrid brachiopod 
genus Argymtheca has a history ranging back to at 
least the Late Cretaceous (Lee el al. 2006). At the 
present time it enjoys a worldwide distribution (Fig. 1) 
and is represented by at least 25 living species, two of 
which occur of)'the Australian coast, although it has 
not yet been recorded from New Zealand waters. Fos¬ 
sil forms are equally widespread (Fig. I) and are par¬ 
ticularly abundant in the Cenozoic of Europe (sec 
Bitner 2000; Bitner & Kahn 2004; Brunton & Curry 
1979; Calzada & Urquiola 1994; Logan 1979; Logan 
el al. 2004; Taddei Ruggiero 1987; and references 
therein) and the Caribbean region, from where a pleth¬ 
ora of species have been described (sec Cooper 1955, 
1977,1979; Donovan ctal. 1993; Harper 1993; Harper 
& Donovan 1990; Harper & Portell 2002a,b, 2004). In 
all, more than 45 fossil species have been described. A 
review of the available literature indicates that, until 
now, fossil Argymtheca has not been described from 
Australia, but in New Zealand fossil Argymtheca has 
been known, albeit poorly, since the early part of the 
20"' century. In this paper we consider the incidences 
of Argymtheca in Australia and New Zealand, ranging 
in age from Early Eocene to Recent and provide de¬ 
scriptions of new species. 


ARGYROTHECA IN AUSTRALIA 

Argymtheca is represented in Australia by two living 
species, A. australis (Blochmann, 1910) and A. mayi 
Blochmann, 1913. Both occur off the south coast of 
the continent but the former is apparently much more 
restricted in its distribution than the latter. The online 
Australian Faunal Directory (www.dch.gov.au/biodi- 
versity/abrs/online-resourccs/fauna/index.html) indi¬ 
cates that A. australis only occurs in the southern gulfs 
region of South Australia, while A. mayi has a range 
extending from east ofTasmania to Western Australia. 
These two species display the extreme morphological 
forms adopted by the genus; /(. mayi is smooth shelled, 
with elongate triangular to subpentagonal outline and 
greatest width just anterior of mid-valve; A. australis 
is coarsely costate, transversely ovoid to semi-circular 
with greatest width at the hinge line. 

The occurrence of fossil Argymtheca in Aus¬ 
tralia seems to be extremely rare. A review of the lit¬ 
erature on Australian Cenozoic brachiopods failed to 
turn up any mention of the genus. However, an 
Eocene form, externally similar to but internally dif¬ 
ferent from A. australis, is reported here from the 
Browns Creek Clay of Victoria. 
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Fig. 1. World map showing distribution of Recent (asterisks) and fossil (black dots) Argyrntheca species. Data from dif¬ 
ferent sources. 


ARGYROTHECA IN NEW ZEALAND 

The earliest record of the genus in New Zealand was 
by Thomson (in Park 1‘)18: 109) who seemed unsure 
of its identity, listing Argyrntheca or Kraitssina or 
Megerlina sp. among brachiopods occurring in the 
Oamaru District. This record would appear to have 
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Fig. 2. Stratigraphic distribution of fossil Argyrntheca 
in New Zealand. 


been the basis for Jackson (1921) noting that the genus 
was recorded as fossil in New Zealand. Subsequently, 
Thomson (1927) listed Argyrntheca sp. nov. from the 
'Ototaran' of Oairtaru but no description was ever pro¬ 
vided. For many years this single record was the one 
quoted as representing Argyrntheca in New Zealand 
(see Allan in Gage 1957; Allan 1960; Dawson 1990). 
Cooper (1988) stated that the genus occurs rarely in 
the Miocene of New Zealand but did not give any ref¬ 
erence to substantiate the statement. 

In more recent years, new collections have been 
made that markedly extend the geographic and 



Fig. 3. Map of New Zealand showing the areas from 
which fossils of Argyrntheca have been recovered. 
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stratigraphic occurrences of the genus in New Zea¬ 
land. Accounts of these are given in Lee (1986), Lee 
in Campbell et al. (1993) and Hiller (2000a.b). 
However, the only descriptions of species were in 
unpublished theses (Lee 1980; Robinson 2004). The 
fossil record of the genus in New Zealand is rather 
patchy, with three age-related clusters ranging from 
Early Eocene to Early Miocene (Fig. 2). Small sam¬ 
ples of fossil Argyrotheca, totalling 89 specimens, 
were obtained from a number of localities in main¬ 
land New Zealand and the Chatham Islands (Fig. 3; 
Table I). 


SYSTEMATIC PALAEONTOLOGY 

Individual specimens referred to in the paper are 
held in the collections of the Australian Museum, 
Sydney (prefix C), the South Australian Museum, 
Adelaide (prefix SAMA), the Department of Geol¬ 
ogy, University of Otago, Dunedin (prefix OU), 
Canterbury Museum, Christchurch (prefix CM) and 
GNS Science, Lower Hutt (prefix GS). Fossil locali¬ 
ties are referred to by the registered New Zealand 
Fossil Record File number based on the metric 
NZMS 260 sheets. 


Table I. Locality list for Argyrotheca species in New Zealand. Repository abbreviations: CM = Canterbury Museum, 
Christchurch; NMNZ = Museum of New Zealand, Wellington; UODG = University of Otago, Department of Geology, 
Dunedin. 


Locality & 
stratigraphic horizon 

Age 

Fossil 

Record 

File no. 

Collector(s) 

Number of 
specimens 

Repository 

Blind Jim’s Creek, Chatham Island 
Matanganui Limestone 

Waipawan 
(Early Eocene) 

CH/f259 

D. E. Lee 

2 

UODG 

Waipapa Creek, Chatham Island 
Matanganui Limestone 

Waipawan 
(Early Eocene) 

CH/f227 

CH/f470 

D. E. Lee 

5 

UODG 

White Stream, Eyre River, 

North Canterbury 

View Hill Volcanics 

Mangaorapan 
(Early Eocene) 

L35/f7537 

P. A. Maxwell 

1 

UODG 

Old Rifle Butts, Oamaru 

Waiareka Volcanics 

Runangan/Early 
Whaingaroan 
(Late Eocene) 

J4 l/f0292 

J. H. Robinson 

3 

UODG 

Flat Top Hill, Kakanui 

Ototara Limestone 

Runangan 
(Late Eocene) 

J42/f083 

J. A. Thomson 

1 

NMNZ 

Everett’s Quarry. Kakanui 

Ototara Limestone 

Whaingaroan 

(latest Eoccnc-earliest 

Oligoccne) 

J42/f6902 

D. E. Lee 

.1. 11. Robinson 

23 

UODG 

Holland's Point, Kaipara Harbour 
Pakaurangi Formation 

Otaian 

(Early Miocene) 

008/(9828 

P. A. Maxwell 

N. Hiller 

8 

CM 

Waimamaku River, llokianga 

Harbour 

Waitiiti Formation 

Otaian 

(Early Miocene) 

006/10115 

P. A. Maxwell 

N. Hiller 

1 

CM 

Taita Stream, Waimamaku Valley 
Waitiiti Formation 

Otaian 

(Early Miocene) 

006/fl) 116 
and 

006/10117 

P A. Maxwell 

N. Hiller 

4 

CM 

Lower Pinehill Stream, Waimamaku 
Valley 

Waitiiti Formation 

Otaian 

(Early Miocene) 

006/ft) 119 

P. A. Maxwell 

N. Hiller 

2 

CM 

Upper Pinehill Stream, Waimamaku 
Valley 

Waitiiti Formation 

Otaian 

(Early Miocene) 

006/10118 

P. A. Maxwell 

N. Hiller 

3 

CM 

Otucka Hill (West Coast Road) 

Waitiiti Formation 

Otaian 

(Early Miocene) 

005/0)145 

P. A. Maxwell 

N. Hiller 

2 

CM 

Otucka Hill (West Coast Road) 

Waitiiti Formation 

Otaian 

(Early Miocene) 

00500144 

P. A. Maxwell 

N. Hiller 

34 

CM 
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Fig. 4. Argyrotheca australis (Blochmann, 1910), Recent. A, dorsal view of complete shell, SAMA L 1187a. B, C, dor¬ 
sal and oblique antero-dorsal views of ventral valve interior, SAMA L 1187b. D, E, ventral and oblique antero-vcntral views 
of dorsal valve interior, SAMA L 1187b. Both specimens from off Cape Willoughby, Kangaroo Island, South Australia. 


Figured specimens were mounted on stubs, coated 
witlt Au-Pd, and photographed digitally using a scan¬ 
ning electron microscope at the School of Biological 
Sciences, University of Canterbury and at the Otago 
Centre for Electron Microscopy, University of Otago, 

Class RIIYNCHONELLATA Williams, Carlson & 
Brunton, 1996 

Order TEREBRATULIDA Waagen, 1883 
Superfamily MEGATHYR1DOIDEA Dali, 1870 
Family MEGATHYR1D1DAE Dali. 1870 

Genus Argyrotheca Dali, 1900 

Type species. By original designation of Dali (1900: 
44); Terebratula cuneata Risso, 1826; Holocene, 
Mediterranean. 

Argyrotheca australis (Blochmann, 1910) 

Fig. 4A-E 


Cislella australis Blochmann 1910: 93, pi. 27, 
figs 10-12. 

Material and horizon. Four specimens of A. australis 
from off Cape Willoughby, Kangaroo Island, South 
Australia; Recent. 

Description. Small (maximum length 3.1 mm), 
dorsi-bieonvex shells usually wider than long with 
subpentagonal outline. Thickness up to about half of 
length. Dorsal valve almost Semicircular in outline. 
Maximum width at hinge line. Anterior commissure 
rcctimarginate. Apart from growth lines, shell sur¬ 
face ornamented by three broad rounded costae, ex¬ 
tending from protegulum, on either side of median 
sulcus on dorsal valve; corresponding ribs on ventral 
valve of lower amplitude, give anterior margin a scal¬ 
loped appearance. On some specimens, a faint cen¬ 
tral rib arises anterior to mid-valve. Shell substance 
coarsely punctate. 




THE M1CROMORPHIC BRACHIOPOD ARGYROTHECA (TEREBRATULIDA: MEGATHYRIDOIDEA) 171 


Ventral valve flat to gently convex in lateral pro¬ 
file; gently convex in anterior profile. Sharp, straight 
beak ridges subtend angle of about 120° at umbo, but 
beak eroded to some degree on most specimens. Tri¬ 
angular interareas high, flat apsaclinc. Large open 
delthyrium almost half as wide as valve and flanked 
by raised linear dcltidial plates. Dorsal valve strongly 
convex medianly; postero-latcral corners flat. 

Ventral interior with strongly developed hooked 
teeth projecting into delthyrium. Pedicle collar about 
half as long as delthyrium, sessile posteriorly but ex¬ 
cavate along anterior edge. Slender median septum 
extends from below pedicle collar to about mid¬ 
valve. Small, shallow ovoid pit in valve floor imme¬ 
diately anterior to septum accommodates crest of 
dorsal septum. 

Dorsal interior with widely divergent socket ridges 
occupying almost half of valve width. Sockets quite 
large. Cardinal process is a small subcircular depres¬ 
sion at confluence of socket ridges. Short stout crura 
bear short, medianly directed crural processes and de¬ 
scending branches that unite with valve floor at about 
mid-valve. Median groove extends along valve floor 
from cardinal process to about mid-valve where it 
passes into posterior slope of median septum. Septum 
moderately high with single rounded crest and step in 
anterior slope; extends almost to anterior margin. An¬ 
terior ends of descending branches buttress anterior 
portion of median septum. Adductor muscle scars 
lightly impressed on valve floor either side of median 
groove, posterior of median septum. 

Remarks. The description presented here adds some 
details to the original description of the species given 
by Blochmann (Id 10). The specimens were collected 
by Dr J. Vcrco at a depth of 20 fathoms (37 metres) 
and may well be from the sample available to Bloch¬ 
mann, as the dimensions of the largest specimen 
agree with the figures given by him. 

Argyrotheca niayi Blochmann, 1913 
Fig. 5A-H 

Argyrotheca (Cistella) niayi Blochmann 1913: 114, 

pi. II, figs 10-11. 

Material and horizon. Six specimens of A. niayi from 
64 km south of Cape Wiles, South Australia and 
south of West Point, Tasmania, Australia; Recent. 

Description. Both valves thin shelled and smooth 
with ornament of growth lines; maximum length 3.0 


mm. The stronger growth lines of specimens from 
Tasmania sometimes give the appearance of concen¬ 
tric ridges. Dorsal valve inflated, subquadrate to pen¬ 
tagonal, with anterior sulcus and postero-laterally 
flattened along widely angled hinge line, which is 
two-thirds of shell width. Ventral valve flat; anterior 
commissure rcctimarginate. Both valves coarsely 
punctuate. Wide hypothyrid foramen flanked by very 
thin, disjunct deltidial plates and narrow, transversely 
striated interareas. Interarea apsacline. 

Ventral valve interior with small slim teeth, semi¬ 
circular in outline, projecting like small hooks into 
delthyrium; dental plates lacking; teeth (and sockets) 
widely spaced for genus. Pedicle collar tall, with 
transverse growth lines, supported by low, very thin 
median septum that extends almost to mid-valve 
where it meets short longitudinal trough that deepens 
anteriorly where dorsal median septum indents ven¬ 
tral valve floor. Suboval adductor muscle scars lie 
very close on either side of median septum. 

Dorsal valve interior with slender socket ridges, 
narrow sockets and small cardinal process. Crura 
short, bearing mcdianly-dircctcd short blunt crural 
processes and descending branches of loop. De¬ 
scending branches curve antero-laterally and fuse 
w ith valve floor just posterior of mid-valve, leaving 
trace that curves medianly towards septum and 
emerges from valve floor to join median septum just 
anterior to mid-valve. Median septum subtriangular 
in profile, extending from just posterior of mid-valve 
to near anterior margin. Apex and posterior slope of 
septum fit into trough on ventral valve floor. Profile 
of septum anterior of apex has distinct step. Dorsal 
adductor muscle scars slight suboval depressions 
separated by shallow groove that extend from poste¬ 
rior end of septum to hinge plates. 

Remarks. From the small samples examined, it ap¬ 
pears that shell size and outline varies between the 
two localities. Specimens from South Australia are 
subpentagonal (Fig. 5A) with dorsal valves some¬ 
times markedly quadrate and up to 2 mm long x 2 
mm wide. Specimens from Tasmania are elongate 
triangular (Fig. 5E) and up to 3 mm long x 2.3 mm 
wide. Further material needs to be examined to test 
the validity of this observation. 

Argyrotheca richardsonae sp. nov. 

Fig. 6A-D 

Etymology. The species is named after Dr Joyce 
Richardson who supplied the only specimen. 
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Fig. 5. Argyrotheca mayi Blochmann, 1913, Recent. A, dorsal view of complete shell, C. 32036, South Australia. B, C, ven¬ 
tral and lateral views of dorsal valve interior, C. 32036, South Australia. D, dorsal view of ventral valve interior, C. 32036, South 
Australia. E, dorsal view of complete shell, C. 429915, Tasmania. F. ventral view of dorsal valve interior, C. 429915, Tasmania. 
G, dorsal view of ventral valve interior, C. 429915. Tasmania. H, lateral view of complete shell, C. 429915, Tasmania. 


Diagnosis. A transversely subpentagonal species of 
Argyrotheca characterised by three broad costae on 
either side of mid-line of each valve, wide rod-like 
teeth and tall triangular dorsal median septum. 

Type material anil horizon. I lolotypc: CM 2006.105.1, 
single specimen comprising separated dorsal and 
slightly damaged ventral valves; Browns Creek Clay, 
Victoria, Australia; Eocene. 

Description. Small biconvex subpentagonal shell 
with rounded anterior margin. Shell wider than long 
with maximum width situated immediately anterior 
of straight hinge line. Anterior commissure rectima- 
rginate. Shell surface of each valve ornamented by 
three broad, low costae on either side of a shallow 
median sulcus. 

Ventral valve gently convex in both profiles; pos- 
tero-lateral corners flat. Beak ridges subtend angle 


of about 120° at umbo. Interareas quite broad, apsa- 
cline. Delthyrium wide, restricted posteriorly by 
pedicle collar; dcltidial plates apparently absent. 
Dorsal valve semi-circular in outline, convex in lat¬ 
eral profile, anterior profile convex medainly with 
flat postcro-lateral corners. 

Ventral valve interior with short wide rod-like 
teeth lying parallel to hinge line; each tooth bears a 
series of diagonal ridges. Pedicle collar supported 
clear of valve floor by slender median septum that 
extends to just posterior of mid-valve. 

Dorsal valve interior with narrow shallow elon¬ 
gate sockets parallel to hinge line. Socket ridges 
short, widely divergent. Cardinal process comprising 
several very short broad ridges separated by narrow 
grooves, situated between socket ridges. Crura very 
short, broad; crural processes directed medianly, par¬ 
allel to hinge line; descending branches extend down 
on to valve floor and are absorbed; re-emerge antro- 
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Fig. 6. Argyrotheca richardsonae sp. nov. Holotypc, CM 2006.105.1. Browns Creek Clay, Victoria. A, dorsal view of 
broken ventral valve interior. B, close-up showing diagonal ridges on hinge tooth. C, D, ventral and oblique antero-ventral 
views of dorsal valve interior. 


mcdianly to buttress median septum. Tall triangular 
median septum arises abruptly in anterior half of 
valve. Posterior adductor muscle scars situated in 
shallow depression in front of cardinal process and 
separated by low ridge; anterior adductor scars situ¬ 
ated either side of median septum and separated from 
posterior scars by low ridges that meet mcdianly im¬ 
mediately posterior of median septum. 

Remarks. Externally, this specimen seems close to 
the Recent A. australis (Blochmann, 1910) but dif¬ 
fers from it internally. The new fossil species has a 
deeper more convex ventral valve, a higher dorsal 
median septum and linear rod-like teeth rather than 
hooked cyrtomatodont teeth. 

Argyrotheca kupci sp. nov. 

Fig. 7A-I 

Etymology. The species is named after Kupe, legen¬ 
dary explorer and ancestor of the Maori people of 
Northland. 


Diagnosis. A subtriangular smooth species of Argy- 
rotheca characterised by an almost flat ventral valve, a 
hinge line width considerably less than the maximum 
width and a relatively low irregular dorsal median sep¬ 
tum with several high points along its profile. 

Type material. Holotypc: CM 2006.64.12, complete 
shell from Holland's Point. Paratypcs: CM 2006.64.13, 
complete shell from Holland’s Point; CM 2006.64.14, 
complete shell from Holland’s Point; CM 2006.64.15, 
separated dorsal and ventral valves from Taita Stream; 
CM 2006.64.16, dorsal valve from Taita Stream; CM 
2006.64.17, dorsal valve from Taita Stream. 

Type locality anil horizon. Holland’s Point, Kaipara 
Harbour, Northland, New Zealand; Waiteroa Mem¬ 
ber, Pakaurangi Formation (Jones 1969); Otaian 
(Early Miocene). 

Additional material. Forty-eight specimens from Ota¬ 
ian (Early Miocene) rocks in Northland, New Zealand; 
40 from five localities in the Waitiiti Formation (Otaua 
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Fig. 7. Argyrotheca kupei sp. nov. A, holotype, dorsal view of complete shell, Pakaurangi Formation, Kaipara Harbour, 
CM 2006.64.12. B, paratype, ventral view of complete shell. Pakaurangi Formation, Kaipara Harbour, CM 2006.64.13. C. 
paratype, dorsal view of complete shell, Pakaurangi Formation, Kaipara Harbour, CM 2006.64.14. D, E, paratype, interior 
views of ventral and dorsal valves respectively. Waitiiti Formation, Waimamaku Valley. CM 2006.64.15. F, paratype, ventral 
view of dorsal valve interior. Waitiiti Formation, Waimamaku Valley, CM 2006.64.16. (i. dorsal view of ventral valve inte¬ 
rior, Pakaurangi Formation. Kaipara Harbour, CM 2006.64.18. H, 1. paratype, oblique lateral and posterior views of dorsal 
valve interior. Waitiiti Formation, Waimamaku Valley, CM 2006.64.17. 


Group), Hokianga district and eight from the Waiteroa 
Member (Pakaurangi Formation; Waitemata Group) 
at Holland’s Point, Kaipara Harbour (Table I). 

Description. Shell very small, thin, convcxo-planar. 
with subtriangular outline and broadly rounded ante¬ 
rior; maximum width about 90% of maximum length; 


hinge line straight, about one-half maximum shell 
width, which is situated slightly anterior of midvalve. 
Anterior commissure rectimarginate. Shell surface 
smooth, coarsely punctuate, ornamented only by 
growth lines. 

Ventral valve almost Hat in both anterior and lat¬ 
eral profiles. Beak ridges subtend an angle of about 
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80° at umbo; delineate very steep postero-lateral 
flanks. Interareas very narrow, apsaeline. Delthyrium 
open, wide, flanked by extremely narrow deltidial 
plates. Dorsal valve lateral profile strongly convex 
near umbo, flattening out anteriorly; anterior profile 
strongly arched median ly in posterior part of shell, 
passing laterally to flat postero-lateral extremities; in 
anterior part of shell a broad but very shallow sulcus 
develops. 

Ventral valve interior with small icctli without 
dental plates. Pedicle collar sessile, about 20% as 
long as valve, transversely striated. Low rounded 
median septum slightly higher at posterior end; ex¬ 
tends from front of pedicle collar to about 80% of 
valve length; anterior half bears two or three ovoid 
depressions where the knob-like extensions of dorsal 
septum fit when valves are closed. 

Dorsal valve interior with well developed socket 
ridges bounding narrow sockets. Cardinal process 
very small, taking form of slight roughening at pos¬ 
terior convergence of socket ridges. Crura short with 
blunt processes; descending branches of loop extend 
only short way before being absorbed into valve 
floor. Median septum relatively low for genus, with 
uneven profile, low posteriorly but higher anteriorly, 
extending from in front of notothyrial cavity to about 
80% of valve length; posterior slope smooth; ante¬ 
rior slope with two or three knob-like extensions that 
fit into depressions on ventral septum. 


Dimensions in mm: 



length 

width 

thickness 

hinge width 

Holotype 

CM 2006.64.12 

2.3 

2.1 

0.8 

1.0 

Paratype 

CM 2006.64.13 

2.2 

2.1 

0.7 

1.0 

Paratype 

CM 2006.64.14 

1.9 

1.8 

0.6 

1.0 

Paratype 

CM 2006.64.15 

1.5 

1.3 

- 

0.7 


Remarks. A. kupei sp. nov. is probably closest to the 
living A. rnayi Blochmann, 1913 from Australia in 
overall morphology. However, the former has an 
even flatter ventral valve than the latter. Internally 
the differences arc more marked; in A. rnayi the crura 
arc longer so that the descending branches meet the 
valve floor much more anteriorly than in A. kupei , 
and they often leave a trace where they curve anteri¬ 
orly then ntedianly to re-emerge from the valve floor 
before attaching to the median septum, which is 
much higher than in the fossil form. In addition, the 


profile of the dorsal median septum is very different 
in the two species; in the Australian form the septum 
has a single high point and with a marked step in its 
anterior slope. In the New Zealand species the sep¬ 
tum is lower, with a much more irregular profile in¬ 
cluding several high points. 

Argyrotheca kupei sp. nov. occurs with at least 
five other species of brachiopod including, Novocra- 
nia, Thecidellina, Megerlina, Terehrutulina , a terebr- 
atellid close to Calloria and an as yet undetermined 
terebratuloid (Hiller 2000a). 

Argyrotheca oamarutica sp. nov. 

Fig. 8A-H 

1927 Argyrotheca sp. nov. Thomson, p. 210. 

Etymology. Named after the Oamaru district of North 
Otago, New Zealand where the type locality is 
situated. 

Diagnosis. A very small, smooth Argyrotheca pos¬ 
sessing dorsal median septum with single high flat 
peak. 

Type material. I lolotype; OU43752, complete shell 
from Everett’s Quarry. Paratypes: OU43754, com¬ 
plete shell; OU43757, ventral valve; OU43758, dor¬ 
sal valve; all from Everett's Quarry. 

Type locality anil horizon. Everett’s Quarry, Kakanui, 
near Oamaru, North Otago, New Zealand; Ototara 
Limestone (McDonald Limestone of Gage 1957); 
Early Whaingaroan (latest Eocene/earlicst Oligocene). 

Additional material. Fifteen complete and 7 partial 
specimens of Argyrotheca oamarutica sp. nov. were 
collected from the Ototara Limestone at Everett’s 
Quarry. The species is uncommon at this locality and 
preservation is often poor as the shell surfaces are 
largely recrystallized. 

Description. Very small (maximum length 2.0 mm), 
biconvex shell with subcircular to subpentagonal 
outline; dorsal valve subquadrate to transversely 
elongate. Maximum width equal to or just greater 
than maximum length; hinge line straight, about two- 
thirds of maximum shell width, which lies just ante¬ 
rior of mid-valve. Shell thickness is difficult to 
determine due to rccrystallization. Anterior commis¬ 
sure rcctimarginatc to gently sulcate. Both valves are 
smooth with an ornament of growth lines. 
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Fig. 8. Argyrotheca oamarutica sp. nov. A, B, hololype, dorsal and lateral views of complete shell, OU 43752. C. para, 
type, ventral view of dorsal valve interior, OU 43758. D. lateral view of dorsal valve interior, OU44378. E-G, paratype, dor¬ 
sal, anterior and posterior views of complete shell, OU 43754. 11, paratype, dorsal view of ventral valve interior, OU43757. 
All specimens from the Ototara Limestone, Everett's Quarry, Kakanui, North Otago. 


Ventral valve strongly convex in lateral profile; 
anterior profile strongly convex medianly with gen¬ 
tly convex Hanks. Beak ridges subtend an angle of 
about 115° at umbo. Intcrarea flat to gently curved, 
apsacline. Delthyrium open, wide, flanked by nar¬ 
row, disjunct dcltidial plates. Dorsal valve convex in 
both profiles, with shallow anterior sulcus and pos- 
tero-laterally flattened extremities. 

Ventral valve interior with relatively short pedi¬ 
cle collar supported anteriorly by low, slender ventral 
septum that extends to about three-quarters of valve 
length; anterior end with shallow indentation just an¬ 
terior of the transverse midline where dorsal septum 
fits. Teeth not preserved in any available specimen. 
Areas of the inner valves that are not rccrystallized 
are coarsely punctate. 

Dorsal valve interior with short, slender socket 
ridges. Cardinal process small. Crura very short; de¬ 
scending branches absorbed into valve floor just in 


front of sockets. Median septum low posteriorly; an¬ 
terior portion high, triangular, with flattened apex 
where it indents ventral valve. 


Dimensions in mm: 



length 

width 

thickness 

hinge width 

Holotypc 

OU43752 

2.0 

2.0 

1.1 

1.5 

Paratype 

OU43754 

1.6 

1.9 

0.9 

1.2 


Remarks. This new species of Argyrotheca was first 
found at Flat Top Hill, near Kakanui, Oamaru by J.A, 
Thomson and first recorded in Park (1918) as 'Aigr- 
rotheca or Kraussina or Megerlina sp.'. Subsequently, 
Thomson (1927) recorded it as Argymtheca n. sp. and 
Lee (1980) briefly described specimens from the Ev¬ 
erett’s Quarry limestone. Robinson (2004) used addi¬ 
tional specimens to amplify the description. 
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Fig. 9. A, Argyrotheca sp. 1. dorsal view of complete shell, Matanganui Limestone, Blind Jim’s Creek, Chatham Island, 
OU 43756. B, close-up of dclthyrium of same specimen. C, oblique posterior view of same specimen. D, Argyrotheca sp. 2, 
dorsal view of complete shell. Matanganui Limestone, Waipapa Creek, Chatham Island GS 12167(1). E. F, dorsal and ob¬ 
lique dorsal views of broken ventral valve interior, Matanganui Limestone, Waipapa Creek, Chatham Island, GS 12167(2). 
G, H, ventral and oblique lateral views of broken dorsal valve interior, Matanganui Limestone, Waipapa Creek, Chatham 
Island GS 12167(3). I, Argyrotheca sp. 3, dorsal view of complete shell, View Hill Volcanics, White Stream, Eyre River, 
North Canterbury, OU43755. 


At Everett’s Quarry, Argyrotheca oamaratica oc¬ 
curs with 11 other species of braehiopods, about 10 
species of molluscs, more than 100 species of bryo- 
zoans, and more than 100 species of foraminiferans. 

Argyrotheca sp. 1 
Fig. 9A-C 


Material and horizon. OU43756, complete shell 
from Blind Jims Creek, Chatham Island; Matanganui 
Limestone; Waipawan (Early Eocene). 

Description. Small dorsi-biconvex shell with subcir¬ 
cular to subpentagonal outline. Dorsal valve trans¬ 
versely ovate. Maximum width about mid-valve. 
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Hinge line almost straight, about four-fifths of maxi¬ 
mum shell width. Anterior commissure gently sili¬ 
cate. Shell surface smooth. 

Ventral valve gently convex in both lateral and 
anterior profiles. Beak broadly rounded; beak ridges 
subtend angle of about 110° at umbo. Interarea flat, 
apsaclinc. Delthyrium open, wide, about half as wide 
as hinge line, flanked by narrow deltidial plates. 
Pedicle collar short, apparently resting on valve floor. 
Dorsal valve moderately convex in both profiles with 
well developed sulcus extending from just posterior 
of mid-valve. 


Dimensions in mm: 



length 

width 

thickness 

hinge width 

OU43756 

2.0 

1.9 

0.9 

1.6 


Remarks. Without a view of the internal characters of 
this shell it is impossible to assess its affinities. The 
dorsal valve sulcus, on the only available specimen, 
appears narrower and deeper than in other New Zea¬ 
land forms. 

Argyrotheca sp. 2 
Fig. 9D-H 

Material and horizon. GS12167, one complete shell, 
three broken ventral valves and one broken dorsal 
valve from Waipapa Creek, Chatham Island; Matan- 
ganui Limestone; Waipawan (Early Eocene). 

Description. Small dorsi-biconvcx shells with sub- 
circular to subpentagonal outlines. Dorsal valve 
transversely ovoid. Maximum width slightly anterior 
of mid-valve. Hinge line almost straight, about four- 
fifths of maximum shell width. Anterior commissure 
rectimarginate to gently sulcate. Shell surface 
smooth. 

Ventral valve gently convex in both lateral and 
anterior profiles. Beak broadly rounded; beak ridges 
subtend angle of about 100° at umbo. Interarea flat, 
apsaclinc. Delthyrium wide, about half as wide as 
hinge line, partially closed by pedicle collar and 
flanked by narrow deltidial plates. 

Ventral interior with short, wide teeth lying par¬ 
allel to hinge line. Pedicle collar about one-quarter 
as long as valve, raised from valve floor on low. fine 
median septum that extends to about mid-valve. 

Dorsal interior with short, stout socket ridges 
bounding shallow, almost linear sockets. Hinge 
plates converge on to posterior end of median sep¬ 
tum to define shallow hollow in front of tiny cardinal 
process. Median septum low with relatively long, 


rounded peak and extending almost to anterior mar¬ 
gin of valve. Details of loop not preserved. 


Dimensions in mm: 



length 

width 

thickness 

hinge width 

GS 12167( ) 

1.7 

1.6 

0.9 

1.3 


Remarks. These specimens differ from the apparently 
coeval Argyrotheca sp. I from Blind Jim’s Creek 
principally in having a longer pedicle collar raised 
off the valve floor to partially close the delthyrium 
and a broader, shallower sulcus on the dorsal valve. 
To ascertain whether these differences represent nat¬ 
ural variation within a single species will require 
more material. 

Argyrotheca sp. 3 
Fig. 91 

Material and horizon. OU43755, complete shell 
from White Stream, Eyre River, North Canterbury; 
View Hill Volcanics; Mangaorapan (Early Eocene). 

Description. Very small dorsi-biconvex shell with 
subpcntagonal outline. Dorsal valve subquadrate to 
transversely elongate. Maximum width just anterior 
of mid-valve; hinge line straight, almost three-quar¬ 
ters of maximum shell width. Anterior commissure 
rectimarginate to gently sulcate. Both valves smooth 
apart from strong growth lines. 

Ventral valve gently convex in both lateral and 
anterior profiles. Beak ridges sharp, subtending 
angle of about I 10° at umbo; beak broadly rounded. 
Interarea flat, apsaclinc. Wide delthyrium flanked by 
very narrow deltidial plates. Dorsal valve strongly 
convex in umbonal region with flat postero-lateral 
corners. Broad shallow sulcus develops from mid¬ 
valve, becoming wider anteriorly. 

Details of interior not known. 


Dimensions in mm: 



length 

width 

thickness 

hinge width 

OU43755 

1.2 

c. 1.2 

0.6 

c. 0.6 


Remarks. Without an assessment of the internal char¬ 
acters of this shell it is impossible to determine its af¬ 
finities with any confidence. However, its external 
morphology is similar to that of both Argyrotheca sp. 
I and Argyrotheca sp. 2. 

Argyrotheca sp. 4 
Fig. 10A-E 
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Fig. 10. Argyrollteca sp. 4. A, C, dorsal and oblique anterior views of ventral valve interior, OU 44379. B, ventral view of 
exterior of same specimen. D, E, ventral and oblique antero-lateral views of dorsal valve interior, OU44380. All specimens 
arc from the Waiareka Volcanics, Old Rifle Butts, Oamaru, North Otago. 


MateriaI and horizon. One ventral valve and two 
broken dorsal valves from Old Rifle Butts, near 
Oamaru, North Otago; tuffs of the Waiareka Volcan¬ 
ics; Runangan - Early Whaingaroan (Late Eocene). 

Description. Ventral valve roundly subpentagonal in 
outline with strongly convex anterior profile and 
convex lateral profile. Hinge line almost straight, as 
wide as valve. Beak ridges sharp, subtending angle 
of about 120° at umbo; beak broadly rounded. Inter- 
area gently curved, apsaclinc. Dclthyrium about one- 
third as wide as valve, open anteriorly but closed 
posteriorly by pedicle collar. Dorsal valve subcircu¬ 
lar to transversely ovoid; gently convex in both pro¬ 
files with postcro-lateral flattening; shallow sulcus 
extends from about mid-valve. 

Ventral interior with short, wide ledge-like teeth 
lying along hinge line. Pedicle collar about one-quar¬ 
ter as long as valve, raised from valve floor on strong 
median septum that extends to just anterior of mid¬ 
valve. Shallow ovoid depression in front of septum 


accommodates peak of dorsal median septum when 
valves closed. 

Dorsal interior with short, stout socket ridges 
bounding shallow sockets. Hinge plates converge on 
to posterior end of median septum to define shallow 
hollow in front of tiny cardinal process. Stout me¬ 
dian septum low posteriorly but rising sharply from 
about mid-valve to produce high rounded peak and 
descending to valve floor close to anterior margin. 
Details ofloop not preserved. 


Dimensions in mm: 



length 

width 

thickness 

hinge width 

OU44379 

2.0 

2.3 

- 

2.2 


Remarks. On the basis of the available specimens, this 
species appears to differ from the other New Zealand 
forms, particularly in the nature of the teeth and pedi¬ 
cle collar. It is closest to the Early Eocene species 
from Waipapa Creek, Chatham Island, but given the 
age difference between them, they are left separate 
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until more material becomes available to allow a more 
thorough assessment of their relationships. 

DISCUSSION 

Distinguishing among smooth shelled species of Ar- 
gymtheca can be a problem unless internal struc¬ 
tures, such as teeth and septa can be compared. In 
most cases, sample sizes are too small for meaning¬ 
ful statistical comparisons to be made on the basis of 
shell shape. The presence of two nominal species 
from the Matanganui Limestone on Chatham Island 
raises the question as to whether they might repre¬ 
sent a single quite variable species, and only much 
larger samples will resolve this. 

Comparisons can briefly be made with previ¬ 
ously described small, smooth species as follows: 

Argyrotheca anomala Cooper, 1971 (non A. 
anomala Cooper, 1979) from the Eocene of Tonga is 
longer than wide, with greatest width well anterior of 
mid-valve. Shallow sulcus in each valve indents an¬ 
terior margin and gives shell a heart-shaped outline. 
Dorsal median septum has concave anterior slope 
which is crudely serrate. 

Argyrotheca arguta Grant, 1983, Recent, was 
described from Enevvetak and Bikini atolls, Marshall 
Islands. The shells are subpentagonal or heart shaped, 
mostly lacking costae, with a wide hinge line about 
two-thirds of shell width. The teeth arc strong and di¬ 
vergent and extend nearly to the exterior margin. In¬ 
ternally, A. arguta has 5-7 tubercles around the mid 
and anterior margin (Cooper 1954). 

Argyrotheca cistellula (Searles-Wood, 1841), 
Recent, Mediterranean Sea and north-east Atlantic, 
is a strongly biconvex, transversely ovoid shell with 
a relatively short dorsal median septum situated in 
the anterior half of the valve and buttressed by ante¬ 
rior ends of the descending branches of the loop (Al¬ 
varez* Emig 2005). 

Argyrotheca cordata (Risso, 1826) has been re¬ 
corded from many localities in Miocene and Pliocene 
deposits of Europe and lives in the Mediterranean 
Sea at the present time (Logan et al. 2004). It is a 
very variable species that may be smooth but fre¬ 
quently develops shallow rounded ribs. It is distin¬ 
guished by the presence of submarginal tubercles 
internally on both valves (Bitner & Kaim 2004; 
Logan 1979). 

Argyrotheca laevis Cooper, 1988 from the Oli- 
gocenc of South Carolina, USA is equibiconvex with 
maximum width anterior to mid-valve and moder¬ 


ately extended, relatively narrow beak. In the dorsal 
valve, the notothyrial chamber is occupied by a low 
elongate myophragm, and the median septum is high, 
extending to the anterior margin with an angular 
crest at about mid-valve. 

Argyrotheca popielae Simon, 1992, of Late Cre¬ 
taceous (Early Maastrichian) age, was described 
from Ciply, Belgium. The subtriangular shells are 
smooth, without a sulcus. The dorsal septum is trian¬ 
gular in profile with an indentation on its anterior 
slope giving it a double-peaked appearance. The 
teeth are strongly recurved with sharp ends. 

Argyrotheca rohinsoni Donovan, Harper & 
Doyle 1993, of early Mid Eocene age. was described 
from eastern Jamaica. The shell is subpentagonal; 
the ventral valve more inflated than the dorsal which 
has a narrow sulcus; incipient costae ‘sporadically 
developed’. The ventral valve interareas are long and 
the teeth arc large, robust and triangular and fit into 
deep conical sockets in the dorsal valve. The delthy- 
rium is partially closed by weakly concave pedicle 
collar. 

Argyrotheca saltmountainensis Toulmin, 1940, 
from the Early Eocene of Alabama, USA ranges in 
shell ornament from smooth to costate but the type is 
smooth. The dorsal valve of this species is usually 
semicircular; the hinge line is the widest part of the 
shell. The interareas are wider than the foramen. In¬ 
ternally, the dorsal median septum has a high trian¬ 
gular profile and extends almost to anterior margin. 

Cooper (1978) described three minute Argy¬ 
rotheca specimens from the Early Miocene of central 
Java. That listed as Argyrotheca species I. the largest 
of the three, has a nearly flat ventral valve with sub- 
quadrate outline. Both valves have a broad anterior 
re-entrant giving the shell an emarginate anterior 
margin. The faintest traces of costae are present. 

Although, in broad terms, similarities can be 
found between these species and those described 
from New Zealand, in important details of shell 
shape or septal morphology they differ, sometimes 
quite markedly. We therefore believe that none of the 
New Zealand fossil specimens can be attributed to 
any previously described species and must be re¬ 
garded as separate. 

PALAEOECOLOGY 

Recent Argyrotheca arc found in a wide range of water 
depths and temperatures, and fossil species have lived 
in habitats ranging from soft sediment to hard sub- 
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strate cryptic. Living species of Argyrotheca fall into 
two groups, those with smooth shells ornamented only 
by growth lines, and those with variably developed 
costation. In a study of Recent micromorphic brachio- 
pods from Barbados, Asgaard and Stentoft (1984) re¬ 
corded the presence of six species of Argyrotheca in 
which the morphology varied according to the water 
depth in which they lived. The species living in shal¬ 
lowest depths is smooth with greatest width of the 
shell situated anterior of the hinge line; species living 
in deeper water are variably costate and most have 
their greatest width at the hinge line, and may even be 
alate. All of the species described here from New Zea¬ 
land are smooth shelled, suggesting they are shallow 
water forms. However, the Recent Australian species 
appear to contradict this conclusion with overlapping 
depth ranges. Records available to us show that Argy¬ 
rotheca australis occurs at depths between about 100 
m off Kangaroo Island and 370 m off Beachport, 
South Australia and A. mayi comes from depths rang¬ 
ing from 79 nr in western Bass Strait to 370 m off 
Beachport. 

The interpretation of New Zealand fossil species 
as shallow water forms seems to be borne out by the 
sedimentary units from which specimens have been 
recovered. The older samples (Early Eocene - Early 
Oligocene), from South Island and Chatham Island 
localities, were derived from shallow shelf bioclastic 
limestones and volcaniclastics (Campbell et al. 1993; 
Edwards et al. 1991; Lee 1986). The younger sam¬ 
ples (Early Miocene), from Northland, were found in 
mudstones, siltstones and muddy sandstones. The 
Waitiiti Formation of the Hokianga district has 
yielded foraminiferal assemblages indicative of mid¬ 
shelf to upper bathyal depths (c. 50-1000 m) in an 
upward-shallowing sequence (Hayward in Evans 
1994), yet the associated mollusean faunules are of 
shallow water origin (Beu & Maxwell 1990). The 
silty sandstones of the VVaitcroa Member (Pakau- 
rangi Formation. Kaipara Harbour) contain a diverse 
mollusean fauna that has been interpreted as indicat¬ 
ing relatively shallow water (depths up to 100 m) 
with some shell beds comprising transported remains 
(Jones 1970). Beu & Maxwell (1990: 169) attributed 
the diversity of one particular faunule to mixing of 
several biotopes by mass-debris flow. 

The specimens of Argyrotheca found in bioclas¬ 
tic limestones probably lived attached to hard sub¬ 
strates afforded by shells and shell fragments, 
possibly in cryptic habitats on the undersides of bry- 
ozoan colonies and among partially buried large 
mollusc and brachiopod valves. 


CONCLUSIONS 

Argyrotheca is better represented in the New Zea¬ 
land fossil record than previously thought. Undoubt¬ 
edly, more material is needed before the relationships 
between the species described here can be fully ex¬ 
plored, but based on the present samples, there ap¬ 
pears to be at least three species present in deposits 
ranging from Early Eocene to Early Miocene age. 

Given the presence of the genus in Eocene sedi¬ 
ments in Victoria and its occurrence off the present 
coast, it seems reasonable to expect more fossil 
forms in Australia. 

The genus may well turn up in New Zealand wa¬ 
ters at the present time. Its small size means that it 
may be easily overlooked, and because it often occu¬ 
pies cryptic habitats, it may not be recovered by 
dredging; SCUBA investigations may be more suita¬ 
ble for its recovery. 
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‘Elpistostegalid’ fishes were the most advanced lobe-finned tetrapodomorph fishes from the upper¬ 
most Middle-Late Devonian Period, the immediate sister taxa to the first tetrapods. They have previously 
been found only in the Northern Hemisphere Old Red Sandstone Continent of Euramerica, where the 
majority of Late Devonian (Famennian) tetrapod fossils occur. Here we report on the discovery of a new 
articulated partial sarcopterygian fish from the Middle Devonian of Australia, Howittichthys warrenae 
gen. et sp. nov., which shows a combination of features found in ‘elpistostegalids’, but as it is largely in¬ 
complete we cannot positively confirm this taxonomic assignment. Alternatively, it might be a Glyp- 
topomus- like basal tetrapodomorph. The new specimen, taken into account with older (now Frasnian) age 
assessment of Late Devonian tetrapod material from Australia, and evidence supporting a Gondwana- 
Euramcrican migratory event at the end of the Givetian, would lend support for an East Gondwana origin 
for the ‘elpistostegalid'-tetrapod clade. 
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VICTORIA has an excellent record of mid-Palaeozoic 
vertebrates, spanning all stages of the Devonian and 
the early part of the Carboniferous Period, and such 
specimens have contributed towards understanding of 
the fish-tetrapod transition. The Early Devonian lime¬ 
stones near Buchan have yielded two distinct faunas, 
one front the Fairy Formation (Pragian) the other front 
the Buchan Limestone sequence (Emsian). The Fairy 
Fm fauna includes the oldest known coelacanth ( Eoac - 
tinistia Johanson et al„ 2006) and the oldest known 
onychodontid ( Bitkkanodus Johanson et al., 2007), 
representing the first stages leading to the higher sar¬ 
copterygian clade. The Pragian Bell Point limestones 
near Walkerville have also yielded Australia’s oldest 
lungfish ( Ichnomylax Long et al. 1994). 

Middle Devonian fish faunas are well known 
from the Mt Howitt and Mansfield districts, with the 
Mt Howitt fauna preserving a diverse assemblage of 
fishes (c. 16spp) in complete preservation (Long 
1983-88, 1992, 1999). These include stem members 
on the tetrapodomorph lineage (fishes leading to 
tetrapods) such as Beelamngia Long (1987) and 
Marsdenichthys Long (1985), possibly the world’s 
most primitive tristichopterid (currently being res¬ 
tudied from new specimens by the authors and Dan¬ 
iel Snitting, Uppsala University).Victoria also has 
amongst the oldest known tetrapod trackways, from 
the Genoa River Beds, east Gippsland (Warren & 


Wakefield 1972; Clack 1997). Recent stratigraphy 
appraisal of the site by G. Young suggests they are 
considerably older than previously thought (Young 
2006). Such discoveries contribute towards refining 
the chronology of the evolutionary stages leading 
from advanced sarcopterygian fishes to the firs' 
tetrapods. I lowcvcr the absence of a key group of ad' 
vanced tetrapodomorph fishes, the ‘elpistostegaP 
ians’(Westoll 1938; Gross 1941; Ahlbergetal.2000i 
Daeschler et al. 2006). known only from Northern 
Hemisphere Devonian sites, has precluded serious 
contention of the east Gondwana region as a possible 
place of origin for the first tetrapods. 

In this paper we describe a new sarcopterygian 
fish from the Mt Howitt vertebrate assemblage. AF 
though fragmentary, it shows a suite of similarities to 
the ‘elpistostcgalian’ fishes of the Northern Hemi¬ 
sphere. Howittichthys warrenae gen. et sp. nov. is 
identified as a potential ‘elpistostegalid’ as these are 
the only sarcopterygian fishes known to combine 
nodular-reticulate ornamented rhombic scales with 
long unjointed lepidotrichia forming the leading edge 
of the unusually long-Iobcd pectoral fin. The pres¬ 
ence of a possible ‘elpistostegalid’ in the Middle Dev¬ 
onian of East Gondwana, in close proximity to 
possibly the world’s oldest confirmed tetrapod track¬ 
ways from the Frasnian of the Genoa River Beds, 
eastern Victoria, and late Frasnian tetrapod jaw 
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Metaxygnathus from the Cloughnan Shale (Nangar 
Subgroup) near Forbes, N.SAV (Campbell & Bell 
1977; Young 1999) suggests that East Gondwana 
could have been the place of origin of the ‘elpistoste- 
galid’-tetrapod radiation prior to a transglobal migra¬ 
tory event near the end of the Frasnian which allowed 
the group, along with several placodcrm biostrati- 
graphic indicators, into Euramerica prior to their sub¬ 
sequent rapid diversification (Young 1981. 1995). 

'Elpistostegalid' fishes are known from complete 
remains of the late Givetian-Frasnian Baltic fish 
Panderichthys rhombolepis Gross, 1941, partially 
complete remains of a newly described form from 
Arctic Canada, Tiktaalik rosac Dacschlcr et al., 2006; 
Shubin ct al. (2006), two partial skulls of Elpisto- 
stege Westoll. 1938 from the Frasnian of Quebec, 
Canada, (Schultze 1996), and partial jaws and skele¬ 
tal fragments from a few other taxa scattered about 
the Baltic and western Russia (Ahlberg et al. 2000). 
This Eurocentric distribution, coupled with the re¬ 
cently increased diversity of Late Devonian tetrapods 
from the same province has led several authors to 
propose that the origin of tetrapods from fishes must 
have taken place in this Northern Hemisphere region. 
However, earlier finds of well-preserved Late Devo¬ 
nian tetrapod trackways from Genoa River, Australia, 
comprising two distinct trail types (Warren & Wake¬ 
field 1972: Clack 1997) led some workers to suggest 
an east Gondwana origin for tetrapods (Long 1990). 

The specimen was negatively prepared by immer¬ 
sion in 10% HCL, then rinsed with water and cast in 
black latex rubber. Casts were dusted with ammo¬ 
nium chloride sublimate and then photographed with 
a Panasonic Luraix DMC-FZ20 camera. 


SYSTEMATIC PALAEONTOLOGY 

Class OSTEICHTHYES Huxley, 1880 
Order SARCOPTERYGII Romer, 1955 
Family TETRAPODOMORPi IA Ahlberg, 1991 
ELP1STOSTEGALIA? 

Genus Howittichthys n. gen. 
Howitticlithys warrenae n. sp 
Fig. 2 

Holotype. AM F. 130940, a partial fish collected by 
Dr Alex Ritchie in 1994 at Mt Howitt (Fig. 1), near a 
road cutting up from the north branch of the Howqua 
River. Bindaree Formation, upper Middle Devonian 
(Givetian). 



Fig. I. Location of the Mt Howitt fossil site, eastern 
Victoria, Australia. 


Diagnosis. A medium-sized tetrapodomorph fish, 
possessing rhombic scales, with deeply reticulose - 
nodular ornamentation; pectoral fin with a relatively 
long muscular lobe and short fin-ray fringe, and the 
leading edge of the fin reinforced by a stout fringe of 
unbranched lepidotrichia. 

Remarks. No other described sarcopterygian pos¬ 
sesses the character combination described in the di¬ 
agnosis. Howittichthys is primarily distinguished 
from other non-cosmine bearing tetrapodomorph 
fishes by the open reticulate nature of its scale orna¬ 
mentation, and by the relative length of the pectoral 
fin lobe. 

Description. The specimen (Fig. 2A) is a partial 
body, approximately 16 cm in length, being pre¬ 
served from the level of the right pectoral fin, span¬ 
ning some 17-20 scale rows. Body scales are 
approximately I cm wide, and change in shape from 
rounded elements near the pectoral fin, to rhombic 
scales towards the posterior of the trunk (Fig. 2B). 
The anterolateral trunk scales of Howittichthys (Figs 
2B, 3C) appear superficially similar to the Devonian 
‘osteolepidid* Glyptopomus kinnairdi (Jarvik, 1950) 
but after examining the Holotype material in the Nat¬ 
ural History Museum, London, we sec that they dif¬ 
fer in having a densely packed ornamentation of 
short nodose ridges forming an almost right-angled 
pattern (Fig. 3A). The scales of the late Famennian 
Yambira Johanson & Ritchie (2000) differ from those 
of Howittichthys in being ornamented with similar 
tightly packed pustules and short nodular ridges, 
comparable to parts of the Glyptopomus squamation 
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Fig. 2. Howittichthys warrenae gen. et sp. nov.. A, Entire specimen AM F. 130940; B, Body scales; C, Pectoral fin. Scale 
bars = lent. 


(compare Jarvik 1950: pi. 4, fig. 3 with Johanson & 
Ritchie 2000: fig. 7H, K). Litoptychus bryanti Deni¬ 
son (1951) also shows ornamented rhombic scales 
that differ from Howittichthys in being primarily 
composed of low tubercles also quite closely packed 
together, forming short ridges near the edges of the 
scale that are directed parallel to the scale margins 
(Schultze & Chorn 1998: Fig. 17). It is also noted 
that some of the Litoptychius scales retain small 


patches of cosminc (Denison 1951). Platycephalich- 
thys also shows scales with rhombic shape and dis¬ 
tinct nodular ornamentation (Vorobjeva 1977: pi. 13 )- 
Such scales are not comparable with the thin, rounded 
finely ornamented scales of other tristichopterids, 
the group to which it has been allied (Ahlberg & Jo¬ 
hanson 1998). We suggest that based on scale mor¬ 
phology alone, its affinities should lie elsewhere, 
most probably with the ‘elpistostegalians’. 
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Fig. 3. Scales of tetrapodomorph fishes. A. Glyptopomus kinnairdi, I lolotypc, scales from the anterior trunk region, P26117, 
Dura Den, Scotland; B, anterior trunk scales of Tiktcuilik rosae, photo of latex cast of mould from the I lolotypc specimen figured 
in Daeschler ct al. (2006); C, mid-lateral trunk scales of Howittichthys gen. nov..; D-G. drawings of scales of Panderichlhys 
rhombolepis (from Vorobjcva 1962); II-J, scales of 'Panderichlhys’ (cf. Ventastega) bystrowi (from Vorobjeva 1962). 


In Howittichthys, the scales change from bearing 
reticulate ornament on the flank, to more pronounced 
ridges of ornamentation on the ventral surface (Fig. 
2B). The main field of ornamentation on the anterior 
trunk scales is of widely reticulate areas formed of 
anastomosing low ridges. Such ornamentation clearly 


differs from the densely packed tubercular type of or¬ 
namentation seen on the Glyptopomus type scales 
discussed above, and has closest comparison with an 
isolated scale attributed to Panderichthys rhombolepis 
(Vorobjeva, 1962: fig. 29B), or with the widely retic¬ 
ulated scales of Panderichthys bystrowi (Fig. 3H-J; 
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phology of Howittichthys. Pectoral fins A-D not to scale. 

Vorobjeva 1962: pi. 23). Elpistostege scales were il¬ 
lustrated by Schultze & Arsenault (1985, fig. 6) as 
being very deep and ornamented with irregular, 
widely spaced strong bony ridges, and thus differ 
markedly from those of the other taxa discussed here. 
We note that Ahlbcrg ct al. (1994) assign isolated 
skeletal remains of this taxon to the early tetrapod 
Ventastega, and so this assignment leaves open the 
possiblity that the scales from the same locality bear¬ 
ing similar ornamentation as the bones of Ventastega 
might also be scales belonging to that taxon. The 
scales of fflctaalikmsae (Fig. 3B) have a similar nod¬ 
ular ornamentation as those of Panderichthys rhom- 
bolepis (Figs. 3D-G). Scales of the early tetrapod 
Tulerpeton differ form these in being elongated with 
rounded form and having just a small area of linear 
ridged external ornamentation (Lebedev & Coates 
1995: fig. 14). 

The overall shape of the pectoral fin is compared 
with those of other tetrapodomoroph fishes in Fig. 4. 
In Osteolepis (Jarvik, 1948) and Glyptopomus (Jar- 
vik, 1950) (Fig. 4A), we find that the lobe is relatively 
short, whereas in Howittichthys (Figs 2C, 4D) there is 
a relatively longer fin lobe compared to overall fin 
length, as in Panderichthys (Fig. 4C). One basal 
tetrapodomorph group which appears to be an excep¬ 
tion is the Canowindridae, including the member 


Canowindra Thomson (1973), which displays a long 
pectoral fin lobe. However, the scales of canowi' 1 " 
drids are either rhombic, with a thick cosmine layer 
(Long 1987; Young et al. 1992) or rounded with a me¬ 
dian boss on the internal surface (Thomson 1973). 

The pectoral fin (Fig. 4E) shows a pattern of be- 
tween 10-12 rows of scales, which are smaller in si* 2 
than those of the body. Each row has 8-10 scales spa n " 
ning the width of the fin, between the leading and trail' 
ing edge. This is in contrast to Osteolepis and ThursU « 
(Jarvik, 1948) which have between six-eight rows of 
scales along the length of the lobe, with four-six larg c 
scales per row across the width of the fin. These loba lc 
scales of Howittichthys also appear smaller than those 
of the pectoral fin in Glyptopomus (Jarvik. 1950). Fin 
rays along the leading edge are stout and unbranched 
and after e.20 rays a small fringe of branched lepidot- 
richia begins and continues for the remaining perimeter 
of the fin. Similar long unjointed fin rays, are also 
found in members of another tetrapodomorph group, 
the Rhizodontida. Taxa such as Gooloogongia (Johan- 
son & Ahlbcrg, 2001) and Strepsodus (Andrews, 1985) 
display relatively long, but unusually broad fin lobes. 
However, all members of the Rhizodontida, exhibit 
rounded scales displaying a central boss, which are ab¬ 
sent in Howittichthys. 
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DISCUSSION 

Assuming that the pectoral fin as preserved is fairly 
complete, HowiUichthys exhibits an elongate pectoral 
fin lobe with basal unjoinled lepidotrichia, compared to 
basal tetrapodomoph fish such as Osteolcpis (Jarvik. 
1948). Alternatively, the lengths of these elements may 
be exaggerated if the broken distal lepidotrichia are dis¬ 
placed, diminishing the true length of the distal fringe 
of the pectoral fin. I lowevcr, examples of complete fin 
elements are known from several other osteichthyan 
taxa from the locality, including the coelacanthiform 
Gavinia (Long, 1999), the actinopterygian Howqua- 
lepis Long (1988), the tetrapodomorph fish Marsden- 
ichthys (Long. 1985) and numerous specimens of the 
lungfish Howidipterus and Banvickia (pers. obs). Con¬ 
sidering the excellent post-mortem preservation of 
these taxa, we consider the extent of the fin ray ele¬ 
ments of the pectoral fin of Howittichthys to be little 
displaced thus indicating a complete pectoral fin hav¬ 
ing similar to proportions to that in ‘elpistostegalids’ 
relative to the length of the pectoral fin lobe. These sim¬ 
ilarities between pectoral fin morphology in Howittich¬ 
lhys and ‘elpistostegalids’ are the chief reason (along 
with differences in the scale ornamentation) why we 
have not referred AM F. 130940 to the Australian genus 
Yambira, which although is not known from pectoral 
fin material, displays similar squamosal and quadruto- 
jugal contact to members of the ‘Osteolepididae’ (Jo- 
hanson & Ritchie 2000). It is possible that HowiUichthys 
represents a canowindrid in having rhombic scales that 
have lost the cosmine, but as one canowindrid with cos- 
mine is present in the same faunal assemblage (Bee- 
lamngia Long, 1987) we regard it to be unlikely that 
two such highly alike telrapodomorphs would co-occur 
in the same lacustrine fauna. 

In summary, the combination of these three fea¬ 
tures: rhombic, reticulate scales, along with an ex¬ 
tensive fin lobe and leading unbranched lepidotrichia 
in the pectoral fin, is only seen in one other taxon, 
the ‘clpistostegalid’ Tiktaalik rosae (Dacschler ct al. 
2006; Shubin ct al. 2006). Panderichthys rltom- 
holepis, the only other known ‘elpistostegalid’ with 
the body and fins preserved in articulation, shows 
two of these features, the pitted rhombic scales and 
long pectoral fin lobes, but lacks unjointed lepidot¬ 
richia along the leading edge of the fin. The Givetian 
age for the Ml Howitt locality (Cas et al. 2003) would 
make HowiUichthys one of the earliest examples of 
rhombic scales with deeply reticulate ornament 
amongst tetrapodomorph fish, comparable to Pan- 
derichthys (Gross 1941), the previously oldest occur¬ 


rence of such scale morphology, and preceding the 
early Frasnian Tiktaalik (Dacschler et al. 2006). No¬ 
dose to reticular rhombic scales are also present in 
Glyptopomus from the Famennian of Pennsylvania 
(Thomson 1976), the Old Red Sandstone of Scotland 
(Jarvik 1950) and Russia (Lebedev 1995), Yambira 
from the Famennian Hunter Silstone of New South 
Wales (Johanson & Ritchie 2000), Litoptychus from 
the Frasnian of Colorado (Schultze & Chorn 1998) 
and Platycephalichthys from the Frasnian of Russia 
(Vorobyeva 1977). 

Apart from Yambira, which is too incompletely 
known to include within a cladistic analysis, the posi¬ 
tions of these taxa within the Tetrapodomorpha are 
separated by several nodes. Although Glyptopomus 
has not been included within any large scale phyloge¬ 
netic analysis, it has been affiliated with Litoptychus 
(Schultze & Chorn, 1998), ‘osteolepidids’ such as 
Thwsius and Osteolcpis (Jarvik, 1950) and a clade 
comprising tristichoptcrids, ‘elpistostegalids’ and 
tetrapods (Coates & Friedman, in review). These au¬ 
thors place Litoptychus within the Megalichthyi- 
formes, basal to a clade containing Rhizodopsis and 
the members of the Megalichthyidac. Platycephalich¬ 
thys has been grouped with the Tristichopteridae (Ahl- 
berg & Johanson 1998), a clade otherwise known 
from rounded scales with a median boss on the inter¬ 
nal surface. Alternatively, Platycephalichthys could 
belong crownward of tristichoptcrids, with the ‘elpis¬ 
tostegalids’ and tetrapods, in a clade called the 
Eotetrapodiformes (Coates & Friedman, in press, fig. 
8B). The presence of nodose-reticular rhombic scales 
in at least two separate groups listed above (megalich- 
thyids and Eotetrapodi formes) clearly suggests the ev¬ 
olution of this kind of rhombic scales more than once 
within tetrapodomorph lineages. It is possible there¬ 
fore that HowiUichthys from Mt Howitt could repre- 
sentanew.scparategroupofAustralian tetrapodomorph 
fish with reticulate-nodular rhombic scales. However, 
on available evidence the most parsimonious interpre¬ 
tation that incorporates the proportional data from the 
pectoral fin is that it most likely represents an early 
member of the ‘Elpistostegalia’. This hypothesis, 
which will no doubt prove to be controversial given 
the incomplete data presented, nonetheless remains to 
be tested by further discoveries from the Middle-Late 
Devonian sites in East Gondwana. 

The occurrence of a possible early ‘elpistoste¬ 
galid’ in the Givetian of Australia has implications 
for inferred past migratory events whereby fauna 
from the Middle Devonian of East Gondwana appear 
suddenly in the Late Devonian of Euramerica (Young 
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Elpistostegalian origins: 
possible scenarios 


Hypothesis A 
“Out of Gondwana” 
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Fig. 5. Reconstruction of Late Devonian palaeogeography following Scotese (2001) showing possible hypotheses for 
faunal migration of'elpistostegalians' between Gondwana and Euramcrica. Phyletic relationships of elpistostegalians with 
Howillichlhys included are shown below (based on Dacschler et al 2006, with Gondwana taxa added in) with migratory 
events discussed in the text indicated. 


1981, 1995). Possibly two distinct events are in¬ 
volved here (Young 2003): one near the Givetian- 
Frasnian boundary, involving the migration of 
Bothriolepis -associated fauna into Euramcrica, and a 
second event in the early Famennian, when pltyl- 
lolepids, Groettlandaspis and Remigolepis appear in 
Euramerican Old Red Sandstone successions along 
with the first Euramerican appearance of rhizodon- 


tids (Red Hill fauna, Davis et al. 2001, 2004). Even 
if Howittichthys ultimately proves not be related to 
'elpistostegalids', but has affinities to more general¬ 
ised tetrapodomorphs, it highlights the morphologi¬ 
cal disparity within the early radiation of this group. 

Hennig’s progression rule states that the place of or¬ 
igin of the most primitive member denotes the centre of 
origin of the group, whereas Matthew’s rule emphasises 
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the oldest member of the group as pivotal to determin¬ 
ing the origin of the cladc. The material of Howittich- 
thys is too imperfect to include within a cladistic 
analysis, so only its stratigraphic position can be uti¬ 
lised in biogeographic discussion (implying Matthews 
Rule, if it is considered to be an ‘elpistostegalid’). The 
scant evidence presented here poses that the ‘clpistoste- 
galian’ group could potentially have evolved within 
Gondwana then migrated northwards to Euramerica by 
the Late Devonian (Fig. 5). The cladogram of higher 
tetrapodomorph relationships (Dacschlcr et al. 2006) 
matched against the revised chronology of Australian 
tetrapod occurrences (Young 1999, 2006) reproduced 
here in Fig. 5 (with the addition of the Genoa River 
tracks) suggests that if the first tetrapods correlate to the 
time of the mid-late Frasnian Genoa River trackways, 
Victoria (East Gondwana realm; Young 2006), there 
must have been a period of interchange between north¬ 
ern and southern hemisphere fauna where advanced 
elpistostcgalians invaded Gondwana (Fig. 5, ‘hypothe¬ 
sis A’). Aside from the presence of the Hinvittichthys at 
Mt. llowitt, of uncertain phyletic relationships, we 
admit that there is an absence of fossil evidence sup¬ 
porting this proposition. 

Alternatively, following the current body of data 
supporting a Euramerican origin for ‘elpistostegalians’ 
(Clack 2002; Fig. 5, ‘hypothesis B’), based on the pres¬ 
ence of Elginerpeton in the late Frasnian of Scotland 
(Ahlberg 1995), the occurrence of the Genoa River 
trackways as being potentially older than Elginerpeton 
(the oldest probable tetrapod) becomes anomalous. 
This implies an undiscovered ghost lineage of older 
tetrapods stretching further back, possibly to the begin¬ 
ning of the late Devonian (Givetian/Frasnian bound¬ 
ary) in eastern Gondwana. Such a scenario would 
imply that the close phylogenetic relationship between 
forms like Tiktaalik in the mid Frasnian Fram Forma¬ 
tion of Arctic Canada and early tetrapods like Acan- 
thostega from the Famennian of East Greenland is 
punctuated by at least two intermediate nodes repre¬ 
sented by forms from East Gondwana (i.e. the Genoa 
River trackway makers, and Metaxygnathus). Only 
further discoveries of new tetrapodomorph fishes from 
the poorer known regions like eastern and northern 
Gondwana can clarify the biogeographic relationships 
between ‘elpistostegalids’ and the tetrapodomorph 
fishes from the southern supercontinents. 
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Three new upper Bashkirian brachiopod species are described from limestones in the upper part of 
the Valdeteja Formation at the locality of Latores (SE of Oviedo, N Spain). They are: the produetid Mae- 
mia archboldi sp. nov. and the terebratulids Girtyella tlopisi sp. nov. and Dielasmellal delepinei sp. nov. 
The locality has provided a large amount of brachiopods (the most abundant group), molluscs, bryozoans, 
arthropods and echinodcrms. The locality has disappeared due to limestone quarrying. 

Key words: brachiopods. Bashkirian, Carboniferous. Asturias, Spain. 


THE locality of Latores is situated 6 km to the SE of 
Oviedo (Asturias, N Spain), on top of a little hill 
(Fig. I). exposing the upper part of the Valdeteja For¬ 
mation. The age of this formation, based on its fu- 
sulinid content (Villa etal. 2001), is Bashkirian-early 
Moscovian, but it is restricted to the Bashkirian in 
the Latores area (Villa pers. comm,). 

The Valdeteja Formation consists largely of light 
grey, massively bedded limestones, often bioclastic, 
and crops out mainly in the Sobia-Bodon, Aramo 
and Picos dc Europa units of the Cantabrian Zone 
(Fig. 1). Latores is the most important locality of the 
Valdeteja Formation for the abundance and diversity 


of its fauna; it forms a lens, a kind of coquina wj^ 
foraminifers, corals, bryozoans, brachiopods 
most common phylum), molluscs, arthropods atl j 
echinodcrms. Unfortunately, limestone quarryj n g 
has destroyed this locality, but the abundant material 
collected before the locality was largely destroyed 
has permitted the production of some papers, csp c . 
cially on brachiopods (e.g. Martinez Chacon I 97 q. 
Martinez Chacon & Winkler Prins 2006,2007). 

The locality is internationally known from the 
paper by Delepine and Llopis Llado (1956). Thc sc 
authors underlined the importance of the locality be¬ 
cause of its rich fauna and provided a list of the bra- 
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Fig. 1. Geological map of the Cantabrian Zone showing the main geological structures (after Perez-Estaiin ct al. 1988), 
and the fossil locality of Latores (asterisk). 
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chiopods and molluscs collected. In Martinez Chacon 
and Winkler Prins (2007) a bibliography on the lo¬ 
cality is presented, the systematics of the brachio- 
pods are actualized, 54 brachiopod taxa are listed 
relating them with the identifications of previous au¬ 
thors, and some comments are given on the most 
abundant or most interesting species. 

THE FAUNA OF LATORES 

The fossils come from the upper part of the forma¬ 
tion, which is late Bashkirian in age. As already 
mentioned before, the brachiopods are the most 
abundant and best studied group of the rich fauna 
from Latores. Table I has some additions with re¬ 
spect to the list in Martinez Chacon and Winkler 
Prins (2007), containing 67 brachiopod species. 


Table 1. List of brachiopods found at Latores. 
Caenanoplia'l sp. 

Rugosochonetes sp. 

Plicochonetes? sp. 

Pmductina pectinoides (Phillips, 1836) 

Alitaria frechi (Paeckelmann, 1931) 

Rugivestis? sp. 

Quasiavonia cf. acideata (Sowerby, 1814) 
BreiteeniaT sp. 

Limbifera? sp. 

Maemia archboldi sp. nov. 

Duurtea sp. 

Inflatia sp. 

Produclus concinmis Sowerby, 1821 
Hystricidina sp. 

Eomarginiferapraecursor (Muir-Wood, 1928) 
Alexenia ? sp. 

Pugilisl sp. 

Bicarterial sp. 

Latispinifera cf. chaykensis Lazarev, 2000 
Latispinifera aft Ivanovi (Lapina, 1957) 
Buxtonia? sp. 

Kochiprodudus? sp. 

Echinaria cf. knighli (Dunbar & Condra, 1932) 
Echinoconchellal elegans (M’Coy, 1844) 
Echinoconchellcf! venusta (Thomas, 1914) 
Fluctuaria sp. 

Marginovatial sp. 

Liraria? sp. 

Ovatia cf. laevicosta (White, 1860) 

Plicatiferina sineensta (Martinez Chacon, 1979) 
Slipidina? sp. 

Institina? sp. 

Retroplexus? sp. 

Institellinae gen. ct sp. indet. 


The attention paid to the other fossil groups is 
rather unequal. Until now, the following authors have 
occupied themselves with the relatively abundant and 
varied mollusc fauna: Delepine (in Delepine & Llopis 
Llado 1956), who recognised 10 taxa ( Posidoniella aft 
vetusta Sowerby, Allorisma walkeri Weller, Pseudoa- 
mussium fibrilloswn Salter, Entalis sp., Platvcems, 
Ptychomphahis, Bulimorpha, Loxonema, Stivpamllas, 
and Macmchilina) which have not yet been revised; 
Wagner-Gentis (in Martinez Chacon 1979), who iden¬ 
tified the ccphalopod Pmshumardites karpinskyi be- 
cliarensis Pareyn, 1961; and Babin et al. (1999), who 
described the rostroconch Bransonia sp. 2. 

Trilobites are rare at this locality. Gandl (1987) de¬ 
scribed the species (and subspecies) Bruchymetopus 
(Conimetopus) oumlicus latorensis Gandl, 1987 (which 
has its type locality at Latores and was originally identi¬ 
fied by Gandl, in Martinez Chacon 1979, as B. oumli- 


Meekella sp. 1 

Meekella? ex gr. gigantea Stuckenberg, 1905 
SchucherteUa sp. 

Streplorhynchusl cf. subpelargonalus sensu Demand, 
1934 

Rhipidomella michelini (Leveille, 1835) 

Orlliolichia'I sp. 

Pugnax aff. acuminatus (Sowerby, 1822) 

Callaiapsida alcalde! (Martinez Chacon, 1977) 
Psilocamara sp. 

Rhynchopara nikilini (Tschernyschew, 1885) 

RhynchopOra sp. 

Trasgu minor Martinez Chacon, 1979 
Rhynchonellida indet. A 
Rhynchonellida indet. B 
Cleiothyridina sp. 

Athyrididina gen. et sp. indet. 

Husledia sp. 

Crurithyris cf. nrei (Fleming, 1828) 

Tiramnia aff, walleri Carter & Poleataev, 1998 
Anthracospirifer cf. solenensis Poletaev, 2001 
Anlhracolhyrimil sp. 

Alphachoristites (Prochoristites)? sp. 

Parachoristites sp. 

Gypospirifer sp. 

Cantabriella sp. 

Brachythyrisl sp. 

Meristbrygma sp. 

Kitakamithyris‘1 sp. 

Phricodolhyris ovala (Chao, 1929) 

Punctospiriferl sp. 

Spirifcrellinidae gen. et sp. indet. 

Girtyella llopisi sp. nov. 

Dielasmellal delepinei sp. nov. 
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cits), B. (Aciitimetopiis) spinicauda Gandl, 1987 ssp. L 
and Pmetus (Pudopmetus) cf. hahni Chamberlain, 1977. 

BRACHIOPODS 

Winkler Prins (1968) and Martinez Chacon (1977, 
1979) described brachiopods from Latores. The Pro- 
ductida are the most important order both in number 
of species (34 species) and specimens, so much so that 
Delepine and Llopis Llado (1956: 107) considered the 
limestone to be a “lumachelle de Productides”. It is 
followed in abundance by the Spiriferida (12 species) 
and the Rhynchonellida (8 taxa). The remainder of the 
orders have fewer taxa and each taxon, in general, far 
fewer specimens (Orthotetida: 4 taxa; Athyridida: 3 
taxa; Orthida, Spiriferinida and Terebratulida: 2 taxa 
each, and in all cases, only a few specimens). 

The order Productida is, as already mentioned 
above, the most abundant, both in specimens and in 
species. The suborder Chonctidina is only represented 
by a few individuals, belonging to three genera 
(Caenanoplia'I, Rugosochotietes and Plicochonetes'?). 
The majority of the specimens correspond to the pro- 
duetids in the strict sense, with the suborder Produc- 
tidina being the most diverse with 26 species. The 
suborder Strophalosiidina is represented by five spe¬ 
cies: one single but very' abundant species of the Su¬ 
perfamily Strophalosioidea (Plicatiferina sinecosta 
[Martinez Chacon. 1979]), which has its type locality 
at Latores and is known from numerous localities in 
the Cantabrian Mountains, of late Bashkirian age; and 
four species (probably new), included in four genera, 
of the Superfamily Aulostegoidea (Stipidinal sp., In- 
stitinal sp., Retroplexiisl sp., and Institcllinae gen. et 
sp. indet.). The most abundant productid species are 
Productina pectinoides (Phillips, 1836), Alilariafrechi 
(Paeckelmann, 1931), Quasiavonia cf. aculeata (Sow- 
erby, 1814), Maemia archboldi sp. nov., and Eomar- 
ginifem pmecursor (Muir-Wood, 1928). 

The order Spiriferida is the second in importance, 
with some of its 12 genera having many specimens. 
The most abundant species is Phricodothyris ovata 
(Chao, 1929). Criirilhyris cf. urei (Fleming, 1828), 
Tiramnia aff. walteri Carter & Poletaev, 1998, An- 
thracospirifer cf. solenensis Poletaev, 2001 and Para- 
choristites sp, are also abundant, though less so. 

Of the Rhynchonellida, only the species Callaiap- 
sida alcaldei (Martinez Chacon, 1977), which has 
Latores as its type locality, and Rhyncliopora nikitim 
Tschernyschew, 1885 arc relatively abundant. Trasgu 
minor Martinez Chacon, 1979, type species of Trasgu 


Martinez Chacon, 1979, has also its type locality 3t 
Latores, where it is represented by a few specimen 5 ’ 
thus forming a very' small part of the rich fauna 
The Terebratulida are rare at Latores, but are i' 1 " 
tercsting since they provide two of the new specie 5 - 
Girtyella llopisi sp. nov. and DielasmeUa ? delepin& 
sp. nov., described below. 

Although the brachiopods are abundant tb e 
characteristics of the limestone make their extractin' 1 
difficult. Consequently the specimens are frequently 
decorticated and damaged, which makes their study 
rather difficult, especially their ornamentation AlsG 
the interior of the fossils is usually recrystallised and 
only the apical portions of the internal structure 
could be observed. 

The specimens with registration numbers pre¬ 
ceded by DPO arc deposited in the Department of 
Geology of the University of Oviedo, Spain; the pre¬ 
fix RGM stands for the ‘Rijksmuseum van Geology 
en Mincralogie’, now forming part of the ‘National 1 ' 
Natuurhistorisch Museum’ (National Museum of 
Natural History) at Leiden (The Netherlands). 

SYSTEMATICS 

In the following section wc have used the classifica¬ 
tion of the revised Treatise of Invertebrate Paleontol¬ 
ogy. Brunton et al. (2000) for the productids and Lee 
et al. (2006) for the terebratulids. 

Subphylum RIIYNCHONELL1FORMEA Wil¬ 
liams etal., 1996 

Class STROPI10MENATA Williams et al., 1996 
Order PRODUCTIDA Sarytcheva & Sokolskaja, 1959 
Suborder PRODUCTIDINA Waagen, 1883 
Superfamily PRODUCTOIDEA Gray, 1840 
Family PRODUCTELLIDAE Schuchcrt, 1929 
Subfamily PLICATIFERINAE Muir-Wood & 
Cooper, 1960 

Tribe SEMICOSTELLINI Nalivkin, 1979 

Genus Maemia Lazarev, 1997 (in Brunton & 
Lazarev) 

Type species. Maemia chaykensis Lazarev, 1997 (in 
Brunton & Lazarev). 

Diagnosis. Shell small to medium, rectangular out¬ 
line with geniculation of both valves. Rugae weak on 
both disks; ribbing on trails only; spines on both 
valves. Ventral muscle scars indistinct; lateral ridges 
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continue as weak marginal ridges. Dorsal cardinal 
ridges become ear baffles and may continue as weak 
submarginal ridges; adductor scars raised with crests 
curving medianly. 

Distribution. Pennsylvanian of the Russian Arctic, 
the Canadian Arctic Archipelago and the Cantabrian 
Mountains (N Spain). 

Maemia archboldi sp. nov. 

Figs 2A-P; Table 2. 

pars Avonia (Quasiavonia) aaileata (J. Sowcrby, 1814) 
- Winkler Prins 1968:77, pi. 1, figs 15,16 (non 
cet.). 

pars Avonia aculeata (Sowerby) Martinez Chacon 
1979: 135, pi. 13, figs 4-5 (non cet.). 
Maemia n. sp. - Martinez Chacon & Winkler Prins 
2007:320, fig. 4:6-11. 

Holotype. DPO 9064, bivalved specimen, consisting 
of visceral disc and incomplete trail (Figs 2A-C). 

Type locality and horizon. Latores, 6 km SW of 
Oviedo (Asturias, N Spain) (Fig. 1), light grey lime¬ 
stone, upper part of Valdcteja Formation, upper 
Bashkirian. 

Derivatio nominis. The species is dedicated to the 
late Professor Neil Archbold, as a small tribute to a 
great man and great palaeontologist. 

Material. Filly seven specimens from the type locality, 
DPO 9069-9072, 9084-9096, 9122-9123, 9141- 
9154, 9160-9172,9184-9185, 127754-127762; ROM 
290522, 290535-536, 290550-563,290592-593. 

Diagnosis. Small species of Maemia, with long ven¬ 
tral trail; coarse spine bases quincunxially arranged, 
widely separated from each other; weak ribs limited 
to the anterior part of the trail or absent. 

Description. Small shells (for some measurements 
see Table 2), with both valves geniculated, outline 
subquadrate, but appearing elongated because of 
long ventral trail; the visceral discs are slightly trans¬ 
verse and planoconvex. Umbo inflated, beak promi¬ 
nent and anterior region rounded, without median 
sulcus. Ornamentation consisting of irregular rugae, 
slightly lamellose on both valves; in the ventral valve 
a row of spines is developed along the hinge and oth¬ 
ers relatively large, scattered in a quincunx pattern. 


with their bases forming tubercles, on the remainder 
of the valve; on the anterior part of the trail of some 
specimens broad ribs are weakly indicated; the dor¬ 
sal valve also shows rugae, which bear pits corre¬ 
sponding to the spines of the opposite valve, and a 
few spines, thinner than those on the ventral valve. 

Ventral interior with a marginal ridge and muscle 
scars separated by a weak median crest. Dorsal inte¬ 
rior with trilobate cardinal process, cardinal ridges 
diverging from the hinge, a pair of raised adductor 
platforms, and a median septum. 

Table 2. Measurements in mm of some specimens of 
Maemia arcliholdi sp. nov. Radius is used in the sense of 
Brunton et al. (1995): the radius of curvature, centred on the 
hinge axis, limiting the dorsal and ventral disc lengths. The 
asterisk indicates the holotype. 


Specimen 

L 

W 

Surface length 

Radius 

*DPO 9064 

8,3 

9.4 

16 

7 

DPO 9069 

9 

12 


6.6 

DPO9073 

10.3 

11.1 

20 


DPO 9091 

8 

8.7 

17 


DPO 9092 

11 

9.4 

23 


DPO 127754 

8.8 

9 

17 

5.9 

DPO 127755 

7.9 

8.4 

14 

5.8 


Comparison. By its dimensions and general form, 
our species resembles Maemia nana Lazarev, 1997 
(in Brunton & Lazarev), but it is distinguished by its 
less frequent spine bases and the poor development 
of ribs on the trail. It resembles M. gelida Carter & 
Poletaev, 1998 in its ornamentation of coarse and 
scattered spine bases, and rare or absent ribs (Carter 
& Poletaev state that their species has a ‘noncostate 
ornament’, but weak and broad ribs, similar to those 
in some of our specimens, can be seen on their 
figs 4.33 and 4.37), However, the Canadian species 
has only a very short trail, which allows it to be dis¬ 
tinguished from the new species. 

The new species also resembles Quasiavonia ac¬ 
uleata (Sowcrby, 1814) in its ornamentation with 
concentric lamellae and large spine bases, differing 
fundamentally in the gcniculation of both valves and 
the deeper corpus cavity of M. archboldi. 

Comments. Some very small specimens with a nar¬ 
row, highly inflated visceral disc which seems longer 
than it is wide, and considered by Winkler Prins 
(1968: 77) as probably immature specimens of Avo¬ 
nia (Quasiavonia) aculeata, arc now transferred to 
Maemia archboldi sp. nov. The type material of M. 
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Fig. 2. Maemia archbaldi sp. nov. A-C, holotypc, DPO 9064, ventral, ventral posterior and dorsal views. D-F, DPO 
9091, anterior, posterior and lateral views of a ventral valve. G, DPO 9096, dorsal view of a specimen showing cardinal 
spines. H-J, DPO 9092, ventral, anterior and lateral views of a ventral valve. K-M, DPO 127754, anterolateral, ventral pos¬ 
terior and dorsal views. N-P, DPO 127755, ventral, ventral posterior and dorsal views. AM figures x 3.5. 


A species identified as M. cf. gelicla has recently 
been recognised in the Sierra del Cuera (Cantabrian 
Mountains), near the Bashkirian-Moscovian bound¬ 
ary (Martinez Chacon & Bahamonde, 2008). Apart 


archboldi was also first included in A. aculeata by 
Martinez Chacon (1979; the holotype figured on 
pi. 13, figs 4-5). 
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from the occurrences in the Cantabrian Mts, the 
genus is only known from the Russian and Canadian 
Arctic. 

Class RHYNCHONELLATA Williams et ah, 1996 
Order TEREBRATULIDA Waagen, 1883 
Suborder TEREBRATULIDINA Waagen, 1883 
Superfamily CRYPTONELLOIDEA Thomson, 1926 
Family CRANAENIDAE Cloud, 1942 
Subfamily GIRTYELLINAE Stehli, 1965 

Genus Girtyella Weller, 1911 

Type species. Hartlina indianensis Girty, 1908. 


plates present; imperforate cardinal plate supported by 
median septum; loop deltiform (terebratuliform). 

Girtyella llopisi sp. nov. 

Figs. 3A-L, 4; Table 3. 

pars Dielasma sp. - Delepine & Llopis Llado 1956: 107. 
Girtyella n. sp. - Martinez Chacon & Winkler Prins 
2007: 321, fig. 6:9-11. 

Holotype. DPO 127763, bivalved specimen (Figs 3A-C). 

Type locality and horizon. The same as for Maemia 
archholdi sp. nov. 


Diagnosis. Small to moderate-sized; anterior commissure 
rectimarginate or modified by rounded plications; dental 


Derivatio nominis. The species is dedicated to Profes¬ 
sor Noel Llopis Llado, eminent Spanish geologist who 



Fig. 3. Girtyella llopisi sp. nov. A-C, holotype. DPO 127763. dorsal, ventral and anterior views, x 3. D-F, DPO 127765, 
dorsal, ventral and anterior views, x 3. G-H, DPO 127767, specimen with the dorsal valve eroded, in dorsal view showing a 
long crus (arrow), x 4, and in ventral view, x 3. I-K, DPO 127768, dorsal, ventral and anterior views of a juvenile specimen, 
x 3.5. L, DPO 127770, dorsal view of a broken specimen, showing the deltidial plates, x 3. 
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Fig. 4. Girtyella llopisi sp. nov. Serial sections of DPO 127764; distances to the first section are in mm, x 3.3. 


initiated the studies in Geology at the University of 
Oviedo and who discovered the locality of Latores. 

Material. Another 17 specimens, DPO 127764-127780; 
RGM 288961-963, in addition to the holotypc. 

Diagnosis. Girtyella less elongated than normal, with 
the maximal width at mid length; both valves with a 
narrow median sulcus, developed in the anterior half; 
the dorsal valve has a median rib. Dorsal interior with 
septalium supported by a high median septum. 

Description. Small shell, elongated (although less 
than normal for the genus), with the maximal width at 
mid length; both valves with almost equal, strong con¬ 
vexity, thus forming a rather bulbous shell. The meas¬ 
urements of a few specimens are given in Table 3. 


Table 3. Measurements in mm of some specimens of 
Girtyella llopisi sp. nov. The asterisk indicates the holotype. 


Specimen 

L 

W 

Th 

*DPO 127763 

9.9 

8 

5.7 

DPO 127764 

>9.5 

9.1 

5.5 

DPO 127765 

10 

9 

5 

DPO 127766 

12.7 

11.5 


DPO 127767 

>10.8 

9.6 

5.6 

DPO 127768 

7.1 

5.8 

3.8 

DPO 127769 

5.8 

4.8 

3 

DPO 127770 

15.4 


8.6 

DPO 127771 

4.5 

3.5 

2 


Ventral valve with prominent umbo, strongly j n _ 
curved; large, subelliptic foramen, situated at the 
umbo. Narrow median sulcus, with rounded botto m 
which initiates a little before mid length. The dorsal 
valve has also a sulcus, which begins much closer to 
the anterior margin than the ventral sulcus, and which 
shows a median rib; the sulcus and especially the 
median rib are not found in juvenile specimens. 

The ventral interior has strong dental plates. The 
dorsal interior has a high median septum that sup¬ 
ports a septalium (or concave cardinal platform); the 
septum continues beyond the platform; on the cardi¬ 
nal platform, in the apex of the valve, a pair of minute 
elevations are observed which could correspond to a 
small, bilobed cardinal process (Fig. 4). 

Comparison. It resembles Girtyella cedarensis 
Weller, 1914, from which it is distinguished by its 
more marked ventral median sulcus and the presence 
of a dorsal sulcus with a median rib. Externally it 
strongly resembles Harttella oakleyi Brunton, 1982, 
but it is distinguished by the presence of dental plates 
in our specimens. 

Comments. The presence of the pair of minute eleva¬ 
tions in the apex of the cardinal platform is not men¬ 
tioned for Girtyella by Stehli (1965) neither by 
Brunton (1982) nor by Jin & Lee (2006). However, 
Weller (1914: 276) cites ‘a small, obscure, bilobed 
cardinal process is present at the apex of the valve’ in 
G. indianensis (Girty, 1908). 

Due to the strong recrystallisation of the speci¬ 
mens, the internal characters can only be observed in 
the posterior region, thus the loop is unknown; only a 
crus has been observed (in a specimen with broken 
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dorsal valve; DPO 127767; Fig. 3G) which is pro¬ 
longed anteriorly for a long distance, in the manner 
described by Brunton (1984, fig. 192) for C. carrick- 
ensis Brunton, 1984. Also, the density of the puncta- 
tion could not be observed. 

The genus was previously only known from the 
Mississippian of North America, Europe and Aus¬ 
tralia; our new species extends its age range into the 
Pennsylvanian. 

Family CRYPTONELLIDAE Thomson, 1926 
Subfamily CRYPTONELLINAE Thomson, 1926 

Genus Dielasmclla Weller, 1911 


Diagnosis. Small, subcircular to pentagonal in out¬ 
line; both valves shallow; anterior commissure recti- 
marginate; perforate cardinal plate extending 
unsupported between socket plates; adult loop telo- 
form (cryptonelliform); dental plates present. 

Dielasmclla? dclcpinci sp. nov. 

Figs 5A-K, 6; Table 4. 

Dielasmella n. sp. - Martinez Chacon & Winkler 
Prins 2007: 321, fig. 6: 12-13. 

Holotype. DPO 127781, bivalvcd specimen with slightly 
damaged umbonal part (Figs 5A-C). 


Type species. Eunella compressa Weller, 1906. 


Type locality and horizon. The same as for Maemia 
archboldi sp. nov. 



Fig. 5. Dielasmella'! delepinei sp. nov. A-C, holotype, DPO 127781, dorsal, ventral and anterior views, x 3.5. D-F, DPO 
127783, dorsal, ventral and anterior views, x 3.5. G-H, DPO 127784, flattened specimen in dorsal and ventral views, x 3.5. 
I-K, DPO 127785, dorsal, ventral and anterior views of a juvenile specimen, x 4. 


202 


M. LUISA MARTINEZ CHACON & COR F. WINKLER PRINS 


Derivatio nominis. The species is dedicated to Dr 
Gaston Delepine, who studied the Carboniferous bra- 
chiopods from Asturias and was the first to study the 
fauna from Latores (Delepine & Llopis Llado 1956). 

Material. Another 7 specimens, DPO 127782-127787; 
ROM 288966-968, aside from the holotype. 

Diagnosis. Small shell, only slightly elongated, with 
both valves slightly convex, smooth. Dental plates 
short, very delicate, and close to the lateral walls; 
cardinal platform perforated apically; well developed 
inner socket ridges. 

Description. Small shell, with the length only slightly 
larger than the width, of subpentagonal to subcircu¬ 
lar outline, with both valves slightly convex, the ven¬ 
tral one slightly more so than the dorsal one; anterior 
commissure rectimarginate; shell smooth. The ven¬ 
tral umbo is slightly incurved. 

Ventral interior with short, very delicate dental 
plates, situated close to the lateral walls of the valves. 
Dorsal interior with apically perforated cardinal plat¬ 
form, concave at its ventral face, unsupported be¬ 
tween the inner socket ridges; the inner socket ridges 
are well developed and extend ventrally; the crural 
bases are placed adjacent to the inner socket ridges; 
loop not observed. 


Table 4. Measurements in mm of some specimens of 
Dielasmella'! deiepinei sp. nov. The asterisk indicates the 
holotype. 


Specimen 

L 

W 

Th 

*DPO 127781 

>7.6 

6.8 

3.2 

DPO 127782 

>7 

6.9 

3.4 

DPO 127783 

>10 

9.2 

5.3 

DPO 127784 

>11.3 

9.1 

4.1 

DPO 127785 

>5.5 

5.1 

2.3 



Comparison. Our species resembles the type species 
and Dielasmella calhounensis Weller. 1914, in its 
general external aspect, the development of its inner 
socket ridges and the concave cardinal platform; it is 
distinguished by its short dental plates close to the 
lateral walls. 

Comments. The ventral umbo is a little damaged in all 
our specimens, and therefore we don't know its char¬ 
acteristics nor those of the foramen. As already men¬ 
tioned we haven't observed the brachidium nor could 
we count the number of perforations per mm 2 , a char¬ 
acteristic which, according to Brunton (1984), could 
distinguish the forms with a long loop (more densely 
punctated) from those with a short loop. The charac¬ 
teristics which we could observe coincide with those 
of Dielasmella and also with those of Ciyptonella ; we 
assign our species to the genus Dielasmella , although 
questionably so, for its strong resemblance with D. 
compressa (Weller, 1906) and with D. calhounensis. 

Dielasmella is only known from the Mississip- 
pian of North America. Although Nalivkin (1979) 
cited D.? calhounensis from the Tournaisian of the 
Urals, he hadn’t observed its interior. The present at¬ 
tribution, if it were sure, would make it the youngest 
species of the genus, and would also extend the geo¬ 
graphical distribution of the genus beyond North 
America. 
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DETECTION OF OWLS, OWLET NIGHTJARS AND ARBOREAL 
MAMMALS IN EDGE ENVIRONMENTS OF CAPE OTWAY, 
SOUTH-WESTERN VICTORIA 


Jack H. Pascoe, Raylene Cooke & John G. White 

School of Life and Environmental Sciences, Deakin University, 

221 Burwood Highway, Burwood, Victoria 2125, Australia. 

Pascoe, J.H., Cooke, R. & White, J.G., 2008. Detection of owls, owlet nightjars and arboreal mammals 
in edge environments of Cape Otway, south-western Victoria. Proceedings of the Royal Society of 
Victoria 120(1): 206-215. ISSN 0035-9211. 

Habitat fragmentation is a major focus for conservation in Australia due primarily to the increasingly 
fragmented nature of the landscape. An important aspect of fragmentation is induced or anthropogenic 
edge effects, which are known to influence ecological function heavily in many systems. The presence of 
large forest owls can provide an ideal conservation tool for investigating the impacts of fragmentation, as 
these birds have specific resource requirements and are, therefore, present in environments that provide 
these resources sufficiently. 

This study investigated the occurrence of forest owls, owlet nightjars and arboreal mammals in differ¬ 
ent habitat types within Cape Otway in south-western Victoria. The detection of target species was gener¬ 
ally similar across wet and dry forest, and dry forest and edge habitats, with the exception of the 
Yellow-bellied Glider which was negatively associated with edges. The general trend of the study indi¬ 
cated that although edges displayed lower species richness when compared with forest interiors, species 
were utilizing both habitat types and, therefore, it is important to maintain the integrity of both edges and 
forest interiors. The recommendations of this study are that more research, especially on the threatened 
Powerful Owl and Masked Owl, be conducted in the Otway region and beyond to gain greater understand¬ 
ing of their ecology and responses to fragmentation. 

Key words: forest owls, owlet nightjars, arboreal mammals, edge effects, habitat fragmentation. 


HABITAT FRAGMENTATION is regarded as one 
of the greatest threats to biodiversity globally. In the 
last 200 years the Australian landscape has been al¬ 
tered at exponential rates, and in some regions, less 
than 10% of original native vegetation cover remains 
and, generally, these remnants are heavily fragmented 
(Bennett 2003). This situation is ominous, as Andren 
(1994) identified between 10 and 30% of original 
vegetation cover as a threshold for native species oc¬ 
cupation. Ilugget (2005) suggested that once these 
vegetation thresholds have been exceeded, the effect 
of habitat fragmentation heavily influences the dis¬ 
tribution and abundance of native species. The major 
processes of fragmentation can be defined as a re¬ 
duction in total habitat area, changes to the abiotic 
and biotic ecosystem components, and edge effects 
(Saunders et al. 1991; Euskirchen et al. 2001). 

Edge effects are arguably the most important of 
these fragmentation processes (Murcia 1995; Mc¬ 
Donald & Urban 2006) and have been found to alter 
the abundance of many taxa (e.g. Laurence et al. 
2002). Edges can be classed as either inherent edges, 
generally represented by the natural ecotones between 
habitat types, or induced edges, associated with an¬ 


thropogenic processes (Luck et al. 2001). Human-in¬ 
duced habitat edges have been linked with a number 
of changes in ecosystem structure, with the most ob¬ 
vious relating to the decline of native species, but 
often less obvious abiotic changes such as increased 
daytime temperatures and evaporation rates, increased 
nutrient loads, greater wind velocities and altered fire 
regimes (Saunders et al. 1999; Ncwntark 2005; Siito- 
nen et al. 2005). 

Many studies have examined the effects of habitat 
fragmentation (e.g. Mac Nally & Bennett 1997; Ben¬ 
nett et al. 2004; Watson et al. 2005) and edge effects 
(e.g. Zheng & Chen 2000; Berry 2001; Cadessano & 
Pickett 2001; Antos & White 2004) on various avian 
species. I lowever, there are very few data available on 
the impact edges have on the distribution of Austral¬ 
ian owls in varying forest types. Previous studies have 
investigated forest owls in relation to disturbance by 
fire and logging, and fragmentation mosaics 
(Milledgc et al. 1991; Kavanagh & Bamkin 1995; 
Kavanagh et al. 1995; Kambouris 1998; Loyn et al. 
2001; Kavanagh & Stanton 2002). 

Forest owls, including the Sooty Owl (Tyto tene- 
bricosa Gould, 1845), Barking Owl (Ninox connivens 
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Latham, 1801), Powerful Owl (Ninox strenua Gould, 
1838), Masked Owl ( Tyto novaehaUandiae Stevens, 
1826) and Southern Boobook (Ninox novaeseelan- 
diae Gniclin. 1788), are all present in Victoria but 
vary in their distribution. The Southern Boobook is 
the most common of the five species and is wide¬ 
spread across the State (Higgins 1999). However, the 
other four species are sporadically distributed 
throughout Victoria. Of the three large forest owls 
(Powerful, Sooty and Masked) the Powerful Owl has 
the most extensive distribution occupying most of 
Victoria bar the north-west of the State, whereas the 
Sooty and Masked Owl populations are generally 
concentrated in south-eastern Victoria (Garnett & 
Crowley 2000). The Barking Owl is sparsely distrib¬ 
uted throughout the State, with the population size in 
Victoria estimated at 50 pairs (Garnett & Crowley 
2000). All of these owls, however, are top-order pred¬ 
ators and have specific resource requirements, in¬ 
cluding the presence of suitable roost and nest trees 
(e.g. Cooke et al. 2002a), and sufficient prey bases to 
meet their dietary requirements (e.g. Bilney et al. 
2006). The reliance on such resources has meant that 
these owls often occupy extremely large home-ranges 
(Soderquist et al. 2002) or are not present in areas 
where these resources are inadequate. 

Previous studies that have investigated the distri¬ 
bution of forest owls have been based largely on sites 
throughout southern New South Wales, East Gipps- 
land and the greater Melbourne region of south-east¬ 
ern Australia (e.g. Kavanagh 2002; Bilney et al. 
2006; Cooke et al. 2006), and there arc very limited 
data available on the distribution of forest owls and 
owlet nightjars in south-western Victoria and, more 
specifically, the Otway Ranges. Conole (1985) did 
suggest the presence of Powerful Owls, Barking 
Owls and Masked Owls within the Otways region; 
however, there are few data describing the factors in¬ 
fluencing their distribution. 

Therefore, this study aimed to determine the 
presence of forest owls and owlet nightjars in differ¬ 
ent habitat types of Cape Otway, in south-western 
Victoria. More specifically this research aimed to 
determine: 

1. differences in the detection of forest owls and 
owlet nightjars between wet and dry forests 
within Cape Otway; 

2. differences in the detection of forest owls and 
owlet nightjars between dry forest interiors and 
dry forest edges; 

3. the frequency of occurrence of arboreal mam¬ 
mals in all three habitat types. 


METHODS 

Study area 

This study was undertaken within Victoria’s newest 
national park, the Great Otway National Park, which 
stretches from Anglesea to Princetown, and encom¬ 
passes more than 100,000 ha. The rainfall is ex¬ 
tremely variable in the Otways, ranging from around 
800 mm annually at sea level to regions at the top of 
the range exceeding an annual rainfall of 1800 mm. 

The study site was between the Grey River Re¬ 
serve and Castle Cove, a stretch of coast approxi¬ 
mately 60 km in length. The area has a diverse range 
of forest types, from wet through to dry coastal for¬ 
ests (Fig. 1). The higher altitudes are predominantly 
occupied by wet forest, dominated by a canopy of 
Manna Gum ( Eucalyptus viminalis Labill, 1806), 
Mountain Grey Gum (Eucalyptus cypellocarpa 
Johnson, 1962), and Mountain Ash (Eucalyptus reg- 
nans Muell, 1870). Throughout the wet forests are 
pockets of Cool Temperate Rainforest which are 
characterized by a canopy of Myrtle Beech (Notliof- 
agus cunninghamii (Hook.) Oerst, 1871) with a 
Blackwood (Acacia melaiwxylon R.Br, 1813) sub- 
cattopy and a dense understorey of Solt Tree-ferns 
(Dicksonia antarctica Labill. 1807) (Cochraine et al. 
1968; Costermans 2002). 

As the range drops toward sea level, the vegeta¬ 
tion becomes significantly drier. These open forests 
have a canopy of Messmate Stringybark (Eucalyptus 
obliqua L’Hcr, 1789). Manna Gum and shrubby un¬ 
derstorey plants such as the Coast Wattle (Acacia so- 
phorae (Labill.) R.Br, 1813). Coast Banksia (Banksia 
integrifolia L.f. 1782), Drooping She-oak (Allocasua- 
rina verticillata (Lam.) Johnson, 1982) and Bursaria 
(Bursaria spinosa Cav, 1797) (Costermans 2002). 

The Otways were heavily logged during the 
1880s and, as a consequence, very little remnant for¬ 
est remains. Although there is now a system of parks 
and reserves which protect Otway forests, there arc 
still large areas of cleared land. In the flatter more 
fertile regions along the coast, farming and agricul¬ 
ture has created a hard edge between the drier coastal 
forests and cleared land. This boundary provided the 
majority of edge sites for this study. Wet forest that 
abutted farmland w r as not common and, therefore, an 
edge effect was not investigated for this forest type. 
As the farmland edges were adjacent to dry forest, 
the vegetation was very similar to that outlined above 
for dry forest. 
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Fig. I. The distribution of sites across the study area. GIS data layers of forest type and cleared land overlaid and the po¬ 
sition of study area in relation to Victoria. 


Site selection 

Sites were selected using Geographic Information 
Systems (GIS). Data layers for the study area were 
compiled using ArcView 3.3 (Environmental Systems 
Research Institute (ESRI), Redlands, California 
92372, USA). GIS data sets used in this study were 
supplied under licence by the Department of Sustaina¬ 
bility and Environment (DSE). Raw data layers of Ec¬ 
ological Vegetation Classes (EVC) and Tree Density 
were overlaid to produce a view of the vegetation type 
and cleared land for the region (Fig. 1). This made it 
possible to select dry forest, wet forest, and edge sites. 
A total of 43 sites was selected (Fig. 1). Fifteen sites 
were situated in the interior of wet forest, fourteen 
sites within dry forest and a further fourteen sites were 
located at farmland edges. Edge sites were located at 
the border of dry forests and farmland, to allow com¬ 
parison with dry forest interiors. All sites were visited 
before surveying commenced to confirm vegetation 
types. Sites were located at least 1 km apart to mini¬ 
mize the chance of detecting individual birds at more 
than one site, especially given that large forest owls 
can have home ranges in excess of 1000 ha (Schodde 
& Mason 1980; Kavanagh & Murray 1996; Soder- 
quist et al. 2002). 


Call playback 

Fieldwork was undertaken between February and 
September 2006. Each site was visited three times 
during this period, once in each of the three seasons, 
to undertake call playback. On arrival at each site, a 
period of five minutes was spent listening for any 
nocturnal forest birds calling naturally. After this 
there was a playback period whereby pre-recorded 
territorial calls of each target species were broadcast 
from a megaphone (five minutes for each species). 
Playback is a common technique used to determine 
the presence of nocturnal forest birds by eliciting a 
territorial call response, and has been used in many 
owl studies (e.g. Milledgc et al. 1991; Debus 1995; 
Kavanagh & Bamkin 1995; Kambouris 1998; Loynet 
al. 2001). The target species for this study were the 
Australian Owlet-nightjar (Aegotheles cristatus Shaw, 
1790), Southern Boobook, Powerful Owl, Barking 
Owl, Sooty Owl and Masked Owl. Spotlighting was 
undertaken for 20 minutes, directly after the playback 
sequence. Spotlighting was necessary to increase the 
probability of detecting any non-vocal owls. 

Each site was visited three times to maximize the 
opportunity of detecting birds that remained cryptic 
during initial visits. On consecutive visits playback 
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was not carried out for species that had already been 
detected at that particular site previously. Each site 
was visited at different times of both the year and 
night to avoid any bias arising from more responsive 
seasons or periods of the night (e.g. Kavanagh & 
Peake 1993; Debus 1995; Olsen et al. 2002). 

Spotlighting 

Spotlighting surveys for arboreal mammals were un¬ 
dertaken at each site. The spotlighting technique in¬ 
volved walking a linear transect of 500 m with a 12 
volt spotlight, undertaken twice at each site. The 
spotlight’s range was approximately 20 m in the for¬ 
ests surveyed, which produced an area of one hectare 
coverage per visit. A relative density of arboreal 
mammals observed was generated. For the glider 
species, which were difficult to detect with a spot¬ 
light, an encounter rate was generated. This encoun¬ 
ter rate was the number of times each species was 
detected divided by the possible maximum number 
of times it could have been recorded (maximum pos¬ 
sible is five: three during playback surveys and two 
during spotlighting surveys). The calls of any arbo¬ 
real mammal species detected during the listening 
period and call playback were also recorded, as call 
playback often caused mammals to give warning 
calls which made detection easier. 


Vegetation analysis 

A vegetation analysis was undertaken at each site. 
Six parameters were measured in order to provide an 
indication of structural complexity: dominant tree 
species exceeding four metres in height; tall shrubs 
ranging from two to four metres in height; low 
shrubs ranging from half to two meters in height; 
ground herbage flora; litter layer and fallen dead 
wood. These parameters were chosen as indicators 
of vegetation complexity and show the layering of 
strata within a forest. They were collected by esti¬ 
mating the percentage cover of each parameter along 
the same 500 m linear transects surveyed during 
spotlighting. 

Statistical analysis 

To assess the compositional difference of vegetation 
parameters between habitat types, a matrix of simi¬ 


larity among sites was developed using a Bray-Curtis 
index based on the percentage cover of each vegeta¬ 
tion parameter at each site. Gross differences in veg¬ 
etation parameters of each site were compared by 
using ANOSIM (analysis of similarity), and SIM¬ 
PER (similarity percentage) was used to determine 
which vegetation parameters were contributing most 
to the similarity between sites. Both ANOSIM and 
SIMPER were conducted using the PRIMER soft¬ 
ware package (Clarke & Warwick 1994). Multidi¬ 
mensional scaling was used to generate an ordination 
of similarity of the vegetation parameters between 
sites. 

A scries of Chi-squared tests was conducted to 
calculate any difference in the detection of nocturnal 
forest birds across wet forest, dry forest and edge 
sites. A series of t-tests also was conducted to test for 
differences in the means of density and encounter 
rates of arboreal mammals across the three habitat 
types. 

RESULTS 

Four nocturnal bird and four arboreal mammal spe¬ 
cies were recorded during the field surveys (Table 
1). Of the owls, the Southern Boobook was recorded 
most frequently, with 39 observations from 43 sites. 
The Australian Owlet-nightjar was also recorded fre¬ 
quently, with a total of 20 records (Table I). Of the 
large forest owls, the Powerful Owl was the most fre¬ 
quently encountered with 10 records. The Masked 
Owl was recorded at eight sites and was found to 
overlap with the Powerful Owl at four sites. The 
Sooty Owl and Barking Owl were not detected at any 
sites throughout the study. 

Of the arboreal mammals, the Yellow-bellied 
Glider (Petatints australis Shaw, 1791) was the most 
frequently encountered, being detected at 32 of the 
43 sites (Table 1). The Common Ringtail Possum 
(Pseudocheintsperegrinus Boddacrt, 1785) was also 
recorded frequently, occurring at 29 sites. The Sugar 
Glider (Petaunts breviceps Waterhouse, 1839) was 
recorded at 15 sites, and the Common Brushtail Pos¬ 
sum ( Trichosunts vulpecula Kerr, 1792) was the 
least frequently detected, being recorded at only five 
sites (Table I). 

Based on Bray-Curtis similarity indices, there was 
a significant difference in the composition of vegeta¬ 
tion parameters between wet forest sites, dry forest 
sites and edge sites (ANOSIM) (Fig. 2), with none of 
999 random permutations exceeding the global R sta- 
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Table I. Detection of nocturnal forest birds and arboreal mammals in wet forest interiors (Wet), dry forest interiors (Dry) 
and dry forest edges ( Edge) within Cape Otway, south-western Victoria. Numbers indicate the number of sites at which each 
species was recorded. 


Species 


Wet 

(n=15) 

Dry 
(n=14) 

Edge 
(n= 14) 

Total 

(n=43) 

Nocturnal Birds 

Southern boobook owl 

Ninox novaeseelandiae 

13 

13 

13 

39 

Australian owlet-nightjar 

Aegotheles cristatus 

9 

7 

4 

20 

Powerful owl 

Ninox strenua 

4 

4 

2 

10 

Masked owl 

Tvto novaehollandfae 

2 

3 

3 

8 

Arboreal Mammals 

Yellow-bellied glider 

Petaurus australis 

13 

13 

7 

32 

Common ringtail possum 

Pseudocheirus peregrinus 

12 

8 

9 

29 

Sugar glider 

Petaurus breviceps 

9 

5 

1 

15 

Common brushtail possum 

Trichosurus vidpecula 

0 

3 

2 

5 


tistic (0.511). Pairwise comparisons of vegetation be¬ 
tween wet forest and dry forest showed a significant 
difference (p < 0.001). Approximately 40% of dissim¬ 
ilarity between these sites was described by the per¬ 
centage cover of tall understorey plants and ground 
herbage cover (Table 2). Wet forests had higher cover 
of tall understorey plants and dry forests had a greater 
cover of ground herbs. A pairwise comparison of veg¬ 
etation between dry forest and edge sites showed no 
significant difference (p > 0.05). 

Differences in vegetation composition between 
wet and dry forests allowed comparisons of noctur¬ 
nal forest birds and arboreal mammals between two 
structurally different habitats to be investigated. The 
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Fig. 2. Multi-dimensional scaling ordination of study 
sites based on Bray-Curtis similarity measures of vegeta¬ 
tion composition. □ = wet forest sites, A - dry forest sites, 
O = edge sites. (Stress = 0.13). 


broad similarity of vegetation composition between 
dry forests and edges allowed a true comparison of 
edge effects on species distribution without the influ¬ 
ence of varied vegetation structure. 

There was no significant difference in the rate of 
occurrence of the Australian Owlet-nightjar between 
diy forests and wet forests (X 2 =0.293, df=l, p=0.5S8). 
There was also no significant difference in the rate of 
detection of the Southern Boobook (X 2 =0.299, df- i. 
p=0.584). Powerful Owl (X-0.213. df=l, p=0.909) 
and Masked Owl (X ; =0.333, df=l, p=0.564) between 
these forest types (results for the Powerful Owl and 
Masked Owl should be viewed with caution due to the 
low rate of detection). Similarly there was no signifi¬ 
cant difference in the average density of the Common 
Ringtail Possum between wet and dry forest types 
(t=0.368, df=27, p=0.7l5).To examine the differences 
between site types for Sugar Gliders and Yellow-bel¬ 
lied Gliders, we compared the proportion of visits in 
which the species was encountered at a site. Overall 
there were no significant differences in the encounter 
rates of Sugar Gliders (1=1.651, df=27, p=0.l 10) and 
Yellow-bellied Gliders (t=l.527. df=27, p=(). 138) be¬ 
tween the forest types. 

There was no significant difference in the pres¬ 
ence of the Australian Owlet-nightjar (X-M.348, 
df=l, p=0.246). Southern Boobook (X 2 =0.000, df=l. 
p= 1.000), Powerful Owl (X 2 =0.848, df=l, p=0.357), 
and Masked Owl (X 2 =0.000, df=l, p= 1.000) between 
dry forest and edge sites. There were also no signifi¬ 
cant differences between the density of Common 
Ringtail Possums (t=-0.177, df=26, p=0.86l) or the 
encounter rate of Sugar Gilders (t=-l.894, df=26, 
p=0.069) between dry forest and edge sites. There 







OWLS, OWLET NIGHTJARS AND ARBOREAL MAMMALS IN EDGE ENVIRONMENTS OF CAPE OTWAY 211 


Table 2. Percentage contribution of vegetation parameters to the similarities between wet forest interiors (Wet), dry forest 
interiors (Dry) and dry forest edges (Edge), and to dissimilarities between the vegetation parameters of wet forest interiors 
and dry forest interiors (WvD), wet forest interiors and dry forest edges (WvE) and dry forest interiors and dry forest edges 
(DvE) based on Bray-Curtis indices (SIMPER). Values arc provided only for species contributing to the top 90% of similar¬ 
ity and dissimilarity. 


Vegetation 

parameter 

Similarity 
(% contribution) 

Wet Dry Edge 

Dissimilarity 
(% contribution) 

WvD WvE DvE 

Mean cover (% cover) 

Wet Dry Edge 

Canopy 

18.14 

32.40 

28.84 

15.64 

14.07 

15.91 

33.67 

55.36 

53.21 

Tall understorcy 

20.85 



20.23 

18.72 

14.80 

43.33 

18.21 

19.00 

Low shrubs 

22.44 

15.40 

13.71 

17.95 

16.83 

17.39 

48.67 

33.21 

32.14 

Ground cover 

11.27 

19.83 

36.53 

20.39 

24.49 

27.02 

30.53 

45.00 

65.36 

Litter 

19.69 

21.49 

13.01 

16.31 

16.85 

19.69 

45.33 

41.64 

31.07 

Logs 







19.20 

8.71 

4.86 


was, however, a significant difference in the encounter 
rate of Yellow-bellied Gliders between dry forest and 
edge sites (t=-4.l()l, df=27, pcO.OOl). The encounter 
rate for Yellow-bellied Gliders was much higher in the 
dry forest sites than sites within edge habitats (Fig. 3). 

For wet forest, dry forest and edge sites an aver¬ 
age species richness of the nocturnal forest bird and 
arboreal mammal community was calculated. There 
was no significant difference in the species richness 
between wet forest and dry forest sites (t=0.126, 
df=27, p= 0.901). There was, however, a significant 
difference in the species richness between edge and 
dry forest sites (t=2.066, df=26, p= 0.049). Dry for¬ 
est and wet forest sites contained higher species rich¬ 
ness than edges (Fig. 4). 


DISCUSSION 

This study identified the presence of four species of 
nocturnal forest birds and four species of arboreal 
mammals across the 43 sites surveyed throughout 
Cape Otway in south-western Victoria. Each of the 
species recorded during this study were detected in 
all three habitat types, wet forest interiors, dry forest 
interiors and dry forest edges. The similarity of noc¬ 
turnal forest bird and arboreal mammal species rich¬ 
ness between wet and dry forest types indicates that 
both habitats are of similar quality and arc support¬ 
ing an equally wide range of species. 

The two smallest nocturnal forest birds, the Aus¬ 
tralian Owlet-nightjar and the Southern Boobook, 
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Fig. 3. The proportional encounter rate of yellow-bel¬ 
lied gliders at all sites within dry forest, wet forest and edge 
sites (mean ± 95% Cl). 


Fig. 4. The species richness of wet forest sites, dry for¬ 
est sites and edge sites (mean ± 95% Cl). Richness is the 
number of species detected at each site within the nocturnal 
forest bird and arboreal mammal community. 
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showed no significant difference in their presence at 
dry forest interiors and edge sites. Both of these small 
nocturnal forest birds arc predominantly insectivorous 
(Hollands 1991). A study in North America detected a 
positive edge association in an insectivorous species, 
the Northern Pygmy Owl (Glaucidium gnoma Waglcr, 
1832), due to increased visibility and the subsequent 
ease of spotting prey (Piorecky & Prescott 2006). This 
would imply that although the Australian Owlet-night¬ 
jar and Southern Boobook owl show' no positive asso¬ 
ciation w'ith edge sites, hunting is unlikely to be 
adversely affected at farmland edges. 

The larger forest owls have more demanding re¬ 
source requirements than the smaller nocturnal for¬ 
est birds, requiring high prey densities, habitat 
diversity and large hollow-bearing trees within their 
home range (e.g. Seebeck 1976; Loyn ct al. 2001; 
Soderquist et al. 2002; Cooke ct al. 2002b). Neither 
the Powerful Owl nor the Masked Owl, however, 
showed any significant edge effect in their occur¬ 
rence. This result should be viewed with caution as 
the detection of these species w r as low and it is possi¬ 
ble that the playback technique has drawn the owls to 
the edge from the forest interiors (see Kavanagh & 
Stanton 2002). 

Very few species actually displayed any edge-re¬ 
lated effects in this study, which is consistent with 
other Australian studies (e.g. Campi & Mac Nally 
2001). All nocturnal forest birds and arboreal mam¬ 
mals detected during this study were present in both 
forest interiors and edges. There was, however, sig¬ 
nificantly higher average species richness in dry for¬ 
est interiors when compared with farmland edges. 
This implies that although edges can support a range 
of nocturnal forest birds and arboreal mammals, hab¬ 
itat change is reducing species richness at farmland 
edges. This situation could be derived from composi¬ 
tional changes in plant species along edges. However, 
this study could not confirm this hypothesis as only 
vegetation structure was compared. Additionally, 
many other edge effects could be influencing the noc¬ 
turnal forest bird and arboreal mammal community 
by altering ecosystem functions such as interspecific 
competition, nest predation, competition with edge- 
favored species and invasion by exotic flora and fauna 
(Ford 1979; Keyscr et al. 1997; Ley et al. 1997; Ford 
et al. 2001; Berry 2002; King & Buckney 2002; Lau¬ 
rel et al. 2003). It also is important to note that spe¬ 
cies richness can mask other results, and, therefore, 
species-specific responses should not be ignored 
(Miller & Cale 2000). In this study individual noctur¬ 
nal forest bird and arboreal mammal species did in¬ 


habit forest edges, and therefore, these areas ar^ 
offering useful habitat. 

As top-order predators, the presence of large for, 
est owls reflects an array of environmental parameter* 
and makes them a very useful conservation tool. By 
conserving forest owl habitat in a top-down approach 
to management, a suite of other species also can b(j 
protected (see SimberlofT 1998). As an implication op 
this use, further research should investigate the ecol, 
ogy and broad response to habitat fragmentation op 
large forest owls within the Otways, which has proveq 
to support populations of both Masked Owls anq 
Powerful Owls. The survey’s failure to detect Barking 
Owls and Sooty Owls is not surprising, due to the 
sporadic distribution and low population densities op 
the Barking Owl, and to the distribution of the Sooty 
Owl being heavily concentrated in the south-east op 
the State. Further research, however, would need to 
be conducted to identify their presence/absence ip 
different habitat types throughout the Otways. Arbo- 
real mammals arc important factors in the distribu¬ 
tion of nocturnal forest birds, especially large forest 
owls, and these mammals are known to respond to 
habitat fragmentation (Paid et al. 1988; Laurence <£; 
Laurence 1999; Harding & Gomez 2006; Wayne et 
al. 2006). It is, therefore, important to further the 
knowledge on the specific effects of edges on these 
mammals within the Cape Otway. 
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Colonial geologists in Victoria recognised particular styles of unsorted conglomerates and sandstones 
in outcrop resembling ones that they had previously observed in Pleistocene sediments in the northern 
hemisphere. During the I9' h century, the Victorian sediments were thought to have been produced by ma¬ 
rine glacial, grounded iceberg action and their age was variously believed to be Pleistocene, Mesozoic or 
Palaeozoic. Palaeontological evidence led ultimately to the wide acceptance of a Late Palaeozoic age for 
the sediments. Apart from sedimentary glacial debris in outcrop, further evidence of the Palaeozoic ice 
age is preserved in central Victoria in the forms of rochcs moutonnees, glaciated pavements on Ordovician 
bedrock, erratics and striated pebbles and boulders. Current geological belief is that an extensive, land- 
based ice sheet produced a glacial period in Victoria over a period of about 5 million years during the As- 
selian/Sakmarian stages of the Early Permian. 
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EARLY PERMIAN glaciation in Victoria has at¬ 
tracted the attention of geologists from the 1860s to 
the present time. This study follows the endeavours 
of workers throughout that period as published in the 
scientific literature. Central Victoria has attracted the 
most interest because in that area the best evidence 
of glaciation is found. This study begins with the 
first tentative proposition by A.R.C. Sehvyn in 1861 
concerning the possible glacial origin of rocks at 
Bacchus Marsh. It reviews the debates advocating ci¬ 
ther a Pleistocene or Late Palaeozoic ice age and ar¬ 
guments as to whether iceberg drift or terrestrial 
glacial action provided the visible sedimentoiogical 
glaciation evidence seen in the landscape. The dis¬ 
covery of glacial pavements in central Victoria, the 
first by Dunn in 1892, was an important milestone in 
this saga, as were discoveries of glaciation evidence 
in the northeast and southwest of the state. The role 
of palaeontology in providing unequivocal evidence 
of the Late Palaeozoic age of the glaciation is signif¬ 
icant to the study. Early Permian glaciation was a 
major geological episode across much of Victoria. 

19 T " CENTURY BRITISH 
SEDIMENTOLOGICAL KNOWLEDGE 

Early in the I9 ,h century the diluvial theory prevailed 
within the British geological community as an expla¬ 
nation for broad-scale ancient geomorphological 
features in the landscape. This theory stated that vast 


amounts of unsorted sedimentary deposits, known as 
diluvium, and associated striated pavements in the 
Northern Hemisphere had resulted from the biblical 
catastrophic flood that was assumed to have sub¬ 
merged continents in the past. The 1820s writings of 
eminent Oxford geologist. William Buckland *... 
gave the doctrine its seal of authority’ (Davies 1969). 
With the passage of time, as a greater understanding 
of the behaviour of present-day Arctic glaciers was 
achieved, ideas were changed. 

The drift theory emerged proposing that polar 
icebergs were swept southward over drowned conti¬ 
nents by the biblical flood. Charles Lycll in the 1830s 
was an advocate of this theory (Hallam 1989). Lycll's 
theory was supported by I lenry de la Bcche, Charles 
Darwin, and Roderick Impey Murchison. Melting 
icebergs scattered their ‘drift’ of rock cargo, includ¬ 
ing large erratics, when they encountered warmer 
climes. The term ‘drift’ has survived to the present 
day with a wider meaning than that given in the 19 lb 
century. Today, ‘glacial drift’ or ‘drift’ ‘... embraces 
all rock materials in transport by glacier ice, all de¬ 
posits made by glacier ice and all deposits predomi¬ 
nantly of glacial origin made in the sea or in bodies of 
glacial meltwater, whether rafted in icebergs or trans¬ 
ported in the water itself’ (Flint 1971). 

Various alternatives to the drift theory were de¬ 
veloped to explain the geomorphology and seditmen- 
tology displayed on the northern hemisphere 
landmasses. Such topographic features may have re¬ 
sulted from marine erosion, from seismic shocks as- 
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sociated with the diluvial currents, or from tsunamis. 
Murchison (1839) critically reviewed and evaluated 
these prevailing theories. 

The power of terrestrial glaciers to excavate val¬ 
leys and basins, the glacial theory, became more 
widely accepted as the 19 lh century progressed. This 
theory was supported in the 1830s by Jean de Char- 
pentier who studied local glaciers in Switzerland 
(Hallant 1989). Despite strong evidence supporting 
the glacial theory, some geologists remained adher¬ 
ents to the drift theory, stating that grounded icebergs 
were able to groove and polish underlying rocks and 
form basins in addition to depositing their drift as 
they melted. As will be noted later, the iceberg drift 
theory was adhered to by geologists in Australia in 
the latter half of the 19 th century. 

By mid-century in Britain, the land-ice glacial 
theory was gaining authority. During the 1840s, Jean 
Louis Agassiz, a Swiss palaeontologist, glaciologist 
and zoologist, advocated this theory (Davies 1969). 
The land-ice theory proposed that during the Pleis¬ 
tocene ice age, debris-loaded ice sheets extended 
over vast areas of Europe and North America. The 
ice sheets, driven southwards from high Arctic lati¬ 
tudes by climatic oscillations, had directly formed 
the geomorphologieal features that geologists ob¬ 
served. Throughout the 20 lh century, and to the 
present, the land-ice glacial theory prevailed as an 
explanation for the Late Ccnozoic ice age. 

19 th CENTURY AUSTRALIAN 
COLONIAL THEORIES 

Early geological investigators found evidence of gla¬ 
cial action in the form of unsorted conglomerates 
and sandstones in southern and eastern Australia. 
These sediments displayed similar characteristics to 
the ice age sediments observed in Britain. Drawing 
upon their British experience, geologists were led to 
assume that a glaciation event had occurred in Aus¬ 
tralian during the Pleistocene. Sec Banks ct al. (1987) 
for a summary of early workers’ ideas. 

During the 1840s, the Reverend W.B. Clarke of 
New South Wales sent fossil flora and fauna speci¬ 
mens from the coal bearing rocks of Australia to Pro¬ 
fessor Adam Sedgwick of the University of 
Cambridge for examination. These coal bearing 
rocks were closely associated with glacial sediments 
in eastern Australia. Clarke’s fossil materials were 
examined and reported upon by Frederick M’Coy 
(1847) in Cambridge. M’Coy determined that the 


fossil plant specimens in Clarke’s ‘... coal deposits 
of Australia should be referred to the oolitic period.’ 
In current terminology, this translates to the Triassic 
period of the Mesozoic Era. (See Rushton (1979) for 
an explanation of the various spellings of M’Coy/ 
McCoy). Although the association of the coal bear¬ 
ing rocks with glacial material was problematic to 
geologists in 1847, the seed was already planted that 
Australia's glaciation had not occurred in the 
Pleistocene. 

Alfred Richard Cecil SeKvyn of the Victorian 
Geological Survey, had observed rocks of the age of 
"...the coal bearing rocks of Australia’ at Bacchus 
Marsh and Kyneton and differed with M’Coy's 1847 
age interpretation (Selwyn 1859). In this earliest ref¬ 
erence to the rocks of central Victoria, Selwyn was of 
the opinion that they exhibited ’... more resemblance 
to the carboniferous than the oolitic rocks of Europe.' 
He believed that the rocks were of Palaeozoic age 
and not Mesozoic as asserted by M’Coy. 

While on a journey in South Australia in 1859 
‘... to report on the colony's gold, coal and artesian 
water potentialities’ (Alderman 1967), Selwyn 
(1860) ‘... observed a smooth striated and grooved 
rock surface, presenting every indication of glacial 
action’. This glaciated pavement on the bedrock 
(known today as Selwyn Rock) was in the bed of the 
Inman River near Victor Harbour on the Fleurieu 
Peninsular. Selwyn’s referral to its glacial origin was 
based upon markings he observed as being similar to 
those that he had previously noted on pavements in 
the glacial valleys of North Wales. This was the first 
glaciated pavement to be reported in Australia. Sel¬ 
wyn did not offer an estimation of the age of the gla¬ 
ciation in this instance, but it is probably safe to 
assume that he suspected it to be Pleistocene, given 
his northern hemisphere experience. 

McCoy (1861) argued heatedly with Clarke over 
the age of fossil leaf material collected at Bacchus 
Marsh. In this 1861 paper, McCoy nominated (but 
did not figure) a new genus, Gangamopteris, from 
the Bacchus Marsh material. M’Coy (1847) had pre¬ 
viously figured a specimen of this fossil leaf and al¬ 
located it to the genus Cyclopteris. He indicated that 
Gangamopteris reinforced his belief in an oolitic 
(Mesozoic) age for the coal-bearing rocks of Austra¬ 
lia. Clarke held an equally strong opinion that the 
rocks were Palaeozoic (Clarke 1861). 

Selwyn (1861) described masses of sandstone 
with associated conglomerate at Darley, (immedi¬ 
ately north of Bacchus Marsh) and also further north 
in central Victoria in Wild Duck Creek area near 
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Derrinal in the vicinity of present-day Lake Eppal- 
ock. He suspected that these rocks, which lie judged 
to be of Upper Palaeozoic age, were likely to be 
produced by marine glacial transport.’ This was the 
first direct indication in the scientific literature that 
glaciation may have occurred in Victoria during the 
Palaeozoic. However Selwyn (1863), on a sketch 
map produced as part of a report to the Legislative 
Assembly, placed the ‘Glacial conglomerates of Bac¬ 
chus Marsh, Heathcote, Loddon Valley...’ in the 
Mesozoic based upon their fossil plant remains in¬ 
cluding species of Gangamopteris. 

When discussing Upper Palaeozoic rocks in the 
‘Bacchus Marsh to Bass’s Straits’ district, Richard 
Daintree noted conglomerates and freestones that 
were resting upon what he considered were Silurian 
slates and sandstones in Werribee Gorge (Daintree 
1863). Daintree (1866), reporting on the district of 
Ballan, found ‘... a few pebbles grooved in a manner I 
have read of as caused by glacial action’ on the Lcr- 
derderg River near Bacchus Marsh. He also discussed 
conglomerates and sandstones of the district that 
McCoy had assigned to a ‘... lower mesozoic’ horizon. 
In 1867 Selwyn elaborated on his 1861 belief that ma¬ 
rine glacial transport had produced the Upper Palaeo¬ 
zoic beds at Bacchus Marsh and I leatheotc (Selwyn 
1861. 1867). In his 1867 paper, Selwyn stated that 
‘Grooved or ice-scratched pebbles or rock fragments 
have, however, not been observed’ at either Bacchus 
Marsh or Heathcote. Since Selwyn was Director of the 
Geological Survey ofVictoria at the time and Daintree 
was employed by the Survey, it is strange that Dain¬ 
tree’s 1866 report of grooved pebbles in the Lerder- 
derg was not acknowledged by Selwyn in the following 
year. J.E. Tenison-Woods (1868) discussed the glacial 
period in Australia and compared it with the Quater¬ 
nary ice age in the northern hemisphere. Rather than 
finding physical evidence such as ‘... groovings and 
striations of icebergs, drift and till or roches mouton- 
nees,’ of the Pleistocene glaciation as seen in the 
northern hemisphere, Tenison-Woods described '... 
extreme heat, or at least a heat almost tropical in South 
Australia’ during the Pleistocene. He did not offer an 
alternative geological time for the glacial evidence al¬ 
ready observed in Australia. One of a series of Quarter 
Sheet geological maps produced by the Geological 
Survey ofVictoria, No. 12 NE, mapped a significant 
area to the north-west of Bacchus Marsh as ‘... hard 
white pebble conglomerate (Upper Palaeozoic)' 
(Daintree & Wilkinson 1868). These may well have 
been the rocks that Selwyn (1861) had thought to have 
been produced by marine glacial transport. 


E..I. Dunn (1871) described a conglomerate com¬ 
posed of boulders, pebbles and sand that he had ob¬ 
served at Wooragee in Victoria’s north-east. From his 
description, this conglomerate would almost cer¬ 
tainly be the first description of the Permian glacial 
debris found at that locality. R.B. Smyth (1872) pro¬ 
duced a ‘Sketch of a new geological map of Victo¬ 
ria’. In describing Palaeozoic rocks, he stated that 
‘The beds at Bacchus Marsh...differ in no respect 
from many others now classed as upper Palaeozoic, 
but the fossils which arc found in them prove that 
they are of Lower Mesozoic age.’ The fossils to 
which lie referred were Gangamopteris. McCoy 
(1875) published further on Gangamopteris species 
from Bacchus Marsh first identified by him in 1861. 
Based upon his identification of the leaves of addi¬ 
tional species of the genus Gangamopteris in the 
Bacchus Marsh sandstone, McCoy determined again 
that in his opinion the sandstone was Mesozoic. 
McCoy did not address the question as to whether or 
not the sandstone may have been glacigenic. Further 
evidence of glaciation in Australia was discovered by 
R. Tate in 1877 and reported in 1879.1 le described a 
smooth, grooved and striated surface at Black Point, 
Hallctt Cove south of Adelaide that he interpreted as 
‘... a well preserved glacier path’. Tate wrote that the 
glaciation event that sculpted the feature had oc¬ 
curred in the ‘... late Tertiary’, but in a later paper 
(Tate 1894) he discussed reports by others of glacia¬ 
tion dating to both the Triassic and the ‘... Permo- 
Carboniferous’in Australia. A growing understanding 
was developing that much of southern and central 
Australia had been subjected to widespread glacia¬ 
tion in the past, but the age of the occurrence was 
uncertain. 

R.A.F. Murray (1884a) noted that although rocks 
in the Lerderderg and Werribee Gorges had been 
mapped as Upper Palaeozoic by Daintree & Wilkin¬ 
son in 1868, he believed them to be Mesozoic. Murray 
(1884b) stated that although Selwyn (1867) had as¬ 
signed the Bacchus Marsh sandstones to the Upper 
Palaeozoic, he deferred to McCoy (1875) who had 
proposed a Lower Mesozoic age. Murray reported 
upon rocks at both Bacchus Marsh and Heathcote that 
were ‘... suggestive of transport by marine glacial ac¬ 
tion.’ Murray (1887) still maintained that the Bacchus 
Marsh Sandstones were Mesozoic. Referring to a re¬ 
cently drafted geological map ofVictoria (Couchman 
1880) he wrote of'... sandstones of Bacchus Marsh, 
containing Gangamopteris august [folia (McCoy), 
Gangamopteris spatula (McCoy), and Gangamopteris 
obliqua (McCoy), representing the Mesozoic Talchir 


GLACIGENE PERMIAN SEDIMENTS AND ASSOCIATED STRIATED PAVEMENTS OF VICTORIA 219 


Beds of the Indian coal fields.’Alluding to a conglom¬ 
erate at Wild Duck Creek, Murray (ibid.) wrote that 
the conglomerate fragments had been '... conveyed 
from distant sources by icebergs.' E.J. Dunn (1887) 
discussed conglomerate from Wooragee and Bacchus 
Marsh localities and commented upon striations on 
boulders and pebbles that he interpreted as being the 
result of glacial action. Dunn had previously worked 
in South Africa and he noted the stratigraphical simi¬ 
larity between the South African and Victorian rocks. 
He used the accepted Palaeozoic age of the South Af¬ 
rican rocks to argue for a similar age for the Victorian 
conglomerates. 

O. Feistmantel (1890) correlated the Bacchus 
Marsh sandstones with the Talchir-Karharbari beds 
of India, basing his theory upon the presence of fos¬ 
sil Gangamopteris leaves in both localities. Feistm¬ 
antel noted that the age of the Bacchus Marsh 
Sandstones was Permian. Dunn (1889) was con¬ 
vinced that the glacial conglomerates of the Heath- 
cote locality were coeval with the Bacchus Marsh 
conglomerate. He was also of the opinion that the 
Bacchus Marsh and Wild Duck Creek glacial con¬ 
glomerates could prove identical to those of New 
South Wales; they also bore a strong resemblance to 
the glacial conglomerates of the Dwyka of South Af¬ 
rica (Dunn 1890). In this publication, Dunn first de¬ 
scribed a large erratic glacial rock near the Heathcote 
to Sandhurst (now Bendigo) railway line. The erratic 
is known today as The Stranger (see Fig. 1.). 

The terms 'glacial' or ‘glacially derived’ as used 
by Australian authors to this time, invariably meant 
that the conglomerate, sandstone and striations noted 
on pebbles or bedrock, were thought to result from 
grounded icebergs, calved from a southern glacier. 



Fig. I. The Stranger, a large granite glacial erratic on 
Sportsmans Hill near Dcrrinal, north of Heathcote. 


gouging over a submerged landscape as proposed by 
the glacial drift theory. The land-ice glacial theory 
had not yet taken hold in Australia. 

Doubt still existed in the minds of local geolo¬ 
gists as to the age of what were now generally 
accepted as glacially derived sandstones and con¬ 
glomerates in Victoria. This doubt may have been 
engendered by deference to the influential figure 
McCoy who, as late as 1898 (6 months before his 
death), in opposition to mounting differences of 
opinion, still maintained that the Gangamopteris fos¬ 
sils found at Bacchus Marsh were indicative of a 
Mesozoic age for the glacial sandstone (McCoy 
1898). Dunn (1892), in a paper evaluating the glacial 
conglomerate at Wild Duck Creek, differed with Mc¬ 
Coy's thinking and stated that ‘The balance of evi¬ 
dence favours the view that these rocks are of 
Palaeozoic age.’ In the same publication, Dunn de¬ 
scribed a ‘... planed and scored’ bedrock, which was 
later named Dunns Rock (see Fig. 2.) by W.B. Spen¬ 
cer. Dunn interpreted the planing and scoring as hav¬ 
ing been formed by a grounded iceberg moving over 
the bedrock. Interestingly, photographs of glacial 
features published in this paper were attributed to A. 
W. Howitt, an important Victorian explorer and natu¬ 
ral scientist. Dunns Rock was the first glaciated 
pavement to be described in Victoria; 33 years earlier 
Selwyn had identified such a structure in South Aus¬ 
tralia (Selwyn I860). Writing in Nature, perhaps to 
draw international attention to the investigations un¬ 
dertaken in Australia concerning a Palaeozioc glacial 
episode, the distinguished British naturalist A.R. 
Wallace (1892) discussed Dunn’s 1892 paper inter¬ 
preting the glacial evidence in central Victoria. Based 
upon his personal experience in Wales and Scotland, 
Wallace concurred with Dunn that the central Victo- 



Fig. 2. Dunns Rock glacial pavement. Lake Eppalock. 
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rian evidence pointed to ‘unmistakably’ glacial ac¬ 
tion. Dunn (1899) discussed the ‘heterogeneous’ 
glacial conglomerates found over a large area near 
Derrinal and Knowsley in the vicinity of present-day 
Lake Eppalock. He maintained his iceberg explana¬ 
tion for the deposition of the conglomerates and 
noted their similarity with Dwyka conglomerates 
that he had seen in South Africa, convinced that they 
were contemporaneous. T.S. Hall (1892) stated that 
while some geologists still doubted the glacial origin 
of the beds near Hcathcote, the dark grey material 
with striated and faceted boulders and pebbles con¬ 
vinced him that they had been produced by ice ac¬ 
tion. G. Officer & L. Balfour (1893) described ‘... 
rounded, hummocky-looking masses of sandstone’ 
in the valley of Myrniong Creek in the Bacchus 
Marsh area. These structures may well have been ro- 
ches moutonnees exposed when overlying conglom¬ 
erate eroded away. In the bed of the nearby Werribee 
River, the authors located a '... striated and grooved 
rock surface’ underlying conglomerate. They noted 
roches moutonnees in Werribee Gorge and a number 
of exposures of glacial conglomerate along the Ko- 
rkuperrintul Creek near Bacchus Marsh. They had 
postulated that both Permian and a Tertiary glacial 
event had been experienced at Bacchus Marsh but 
they subsequently withdrew this theory (Officer & 
Balfour 1894) and opted for a Permian glaciation. 
Importantly in 1893. the authors developed a strong 
argument that the Bacchus Marsh conglomerate was 
not an ‘... iceberg drift’ but was ‘... till, or boulder 
clay - in fact the ground moraine of ancient glaciers.’ 
They were proposing, for the first time in Victoria, 
that the sediments in question were emplaced under 
the land-ice glacial theory. The conglomerate in the 
area was deemed to be of Permian age, perhaps cor¬ 
related with similar beds in South Africa. Prior to 
Officer & Balfour’s 1893 publication, authors had 
been of the opinion that melting, grounded icebergs 
had produced the ‘drift’ conglomerate and striated 
pavements. Officer & Balfour (1894) discussed gla¬ 
cial sandstone and erratics in a small quarry on Ko- 
rkuperrimul Creek - possibly the location now 
known as Mortons Quarry. On the nearby Lerdcrdcrg 
River they encountered glacial sandstones and clays 
with abundant striated stones and boulders - this 
may have been the location now known as Morven 
Section, at the southern end of Lerdcrdcrg Gorge. 
Further up stream they found scored and grooved 
bedrock. At Cointadai, the authors discovered roches 
moutonnees that indicated ice flow from south-west 
to north-east. 


E. Lidgey (1894), described the glacial conglom¬ 
erate of the Wild Duck Creek as ‘Newer Carbonifer¬ 
ous or Triassie,' perhaps not wishing to upset either 
the Palaeozoic or the Mesozoic glaciation adherents. 
Sweet & Britllebank (1894) made a detailed study of 
the rocks of the Bacchus Marsh area. They reported 
upon sections along Korkupcrrimul Creek ‘... north 
of the Big Quarry’ on Bald Hill, north-west of Bac¬ 
chus Marsh, that may be the glacigene exposures 
known today as Myers Cliff and Andersons Quarry. 
A Triassie age was proposed for these glacial depos¬ 
its. The authors also discussed a section along the 
Lerderderg River in which '... great numbers of stri¬ 
ated stones are scattered.’ This was almost certainly 
today s Morven Section. 

In a report to the Australasian Association for the 
Advancement of Science (AAAS), l ate (1894) main¬ 
tained that the glaciation at I lallett Cove was late Ter¬ 
tiary, although he accepted that the Bacchus Marsh 
glacial sandstones and conglomerate were much older 
- either Triassie or Permo-Carboniferous. In the next 
year’s report to the AAAS, T.W. Edgeworth David 
(1895) discussed the Bacchus Marsh glacials at 
length. I le made the point that Daintree had first 
noted striated pebbles in the Lerdcrdcrg River (Dain- 
trec 1866) and noted that successive authors, includ¬ 
ing Selwyn (1867) had failed to acknowledge this 
important discovery. David stated that the glacial 
beds at Bacchus Marsh were Permo-Carboniferous, 
as were those of Derrinal and I lallett Cove. He rea¬ 
soned that the present-day geomorphological evi¬ 
dence had been produced by land-ice glaciation. 

Following a visit to Bacchus Marsh from South 
Australia, W. Ilowchin (1895) decided that what he 
observed at Bacchus Marsh closely resembled his 
Hallett Cove experience. He concluded that the pal¬ 
aeontological evidence of Gangamopteris remains 
placed the deposits in the Permo-Carboniferous at 
both locations. David (1896) produced a review 
paper discussing the glacial action experienced in 
Australia in the Palaeozoic. He concluded that the 
glacial beds in both the Wild Duck Creek and Bac¬ 
chus Marsh areas were Permo-Carboniferous. 

On Coimadai Creek (then known as Pyrete 
Creek) northeast of Bacchus Marsh, a series of ro¬ 
ches moutonnees were noted by Officer, Balfour & 
Hogg (1896). At the time of their visit to the area, 
one such feature, named Wightman's Rock by the 
trio, was being broken up for use as building stone 
by the land owner, Mr Wightman. He was made 
aware of the geological significance of the glaciated 
surface and requested not to further destroy it. Wight- 
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Fig. 3. Steel wedge embedded in Wiglitmans Rock gla¬ 
cial pavement, Merrimu Reservoir. Arrow shows position 
of wedge. 


man took heed of the request made of him and did 
not further break up the rochc moutonnee. Today, 
one hundred and eleven years on, one ofWightman’s 
steel wedges can still be seen driven into the Ordovi¬ 
cian bedrock of the feature (see Fig. 3.). In 1969 the 
construction of Merrimu Reservoir was completed to 
capture the water front Coimadai Creek and other 
local stream catchments. At high water in the reser¬ 
voir, the glacial features located by Officer, Balfour 
& Hogg are under water as is the site of the old set¬ 
tlement of Coimadai. Officer & Hogg (1898) dis¬ 
cussed the geology of ‘Coimaidai' (sic) with its 
various glacial Permo-Carboniferous beds and ‘... 
scored rock surfaces and rochcs moutonnees.’ They 
attributed the glaciation to ‘... a sheet of land ice 
which moved from the south.’A detailed sketch map 



Fig. 4. Glacigene diamictitc with planed and striated 
pebbles, roadside cutting on Edenhope-Colcraine Road 
near Coleraine. 


of the ‘Coimaidai’ locality, showing cropping out of 
Permian material and the location of scored pave¬ 
ments on what was then known as Silurian bed rock, 
formed part of this publication. 

Hogg (1898) visited the Coleraine area in the 
west of Victoria and observed outcropping areas of 
glacial beds (Fig. 4.) that he interpreted to be Permo- 
Carboniferous. No glaciated pavements have been 
recorded from this area. 


20™ CENTURY IDEAS 

Figure 5 shows key Permian localities in Victoria. 

By the beginning of the 20 ,h century, there was a 
growing accord in the local geological community 
that the Victorian glacials were emplaced from land- 
based glaciers and that their age was Permo-Carbonif¬ 
erous. A.E. Kitson (1903) described glacial sediments 
exposed over a significant area of north-eastern Victo¬ 
ria at Taminick, Glcnrowan and Greta. These expo¬ 
sures had not been previously described. In 1910, G.B. 
Pritchard provided an overview of the previously pub¬ 
lished literature on the Bacchus Marsh sandstones and 
their associated fossils. In the north-east of Victoria. 
Permo-Carboniferous residual glacial deposits were 
described at Woolshcd Valley, near Bceehvvorth by 
Dunn (1913). David (1914) argued that the commonly 
used term ‘Permo-Carboniferous’ designating the gla¬ 
cial period in Australia should be abandoned and ‘Per¬ 
mian’ used in its place. In Victoria, David proposed 
that tillitc was formed by '... an immense sheet of 
land ice, the main mass of which lay to the south.’ 

C.A. Sussmilch (1922), writing on the ‘Permo- 
Carboniferous’, stated that ‘The remarkable similarity 
of the floras of Australia, India, and South Africa at 
this time leads to the inference that these regions, so 
widely separated, were joined by direct land connec¬ 
tions, and formed parts of a continent, covering part of 
what is now the Indian Ocean; this supposed continent 
has been named Gondwana Land.’ Dunn (1923) re¬ 
ported on journeys that he had made in South Africa, 
Australia and Tasmania over the years from 1870 to 
1911. Sites with a glacial history were of special inter¬ 
est to him. He reported that in 1891 he had discovered 
‘A well glaciated floor - the first in Australia...’ at 
Dcrrinal. It was the First such ‘floor’ discovered in 
Victoria, (sec Dunn 1892 and Fig. 1.), but not the first 
to be observed in Australia. Selwyn (1860) had re¬ 
ported such a structure in South Australia in 1859. H. 
S. Summers (1923) discussed glacial pavements with 
ice movement in a north-easterly direction on Ordovi- 
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cian bedrock in Werribee Gorge and at Coimadai. In 
this publication, he provided a list of known locations 
of ‘Permo-Carboniferous’ beds across Victoria. 

In 1931, D.J. Mahony produced a map showing 
21 localities in Victoria where glacial deposits were 
then thought to exist (Mahony 1931). Twelve of the 
localities were in central Victoria, while six were in 
the northeast and one each in the northwest, south¬ 
west and southeast of the state. Mahony argued that 
extensive ice sheets, not alpine glaciers had produced 
the deposits. David & Sussmilch (1931) placed the 
Bacchus Marsh glacial beds into their Kamilaroi 
System (equivalent to the Permo-Carboniferous); 
they compared the association of Gangamopteris 
leaves with tillites at Bacchus Marsh with similar 
findings near Vereeniging in South Africa. David 
(1932) listed the Bacchus Marsh glacial beds as 
Upper Carboniferous on the basis of their Ganga¬ 
mopteris content. Summers (1935) discussed the age 
of the glacial beds of Victoria and concluded that 
whereas they were Upper Palaeozoic, he was unsure 
as to whether they should be described as Carbonif¬ 
erous or Permian. He noted the widely scattered na¬ 
ture of the Victorian glacial beds, realising they 
represented remnants of much eroded deposits. 


Interest in Victoria's glacial past was such that an 
article by E.W. Skeats was published in the popular 
press Walkabout magazine in 1936. Later, the article 
was somewhat altered and reprinted in The Express , 
a Bacchus Marsh newspaper (Skeats 1937). In a 
comprehensive analysis of the geology of the Korku- 
perrimul Creek area near Bacchus Marsh, Scott ex¬ 
amined the Permian sequences at Mortons Quarry 
(see Fig. 6.), Main Quarry, Micrs Cliff (now spelled 
Myers), and Andersons Quarry, traversing from 
south to north along the creek (Jacobson & Scott 
1937). Scott believed that '... the Bacchus Marsh 
beds with the possible exception of the basal tillites 
resting on the Ordovician, arc Upper Permian in age.’ 
Ferguson (1937) briefly wrote on previously unre¬ 
ported glacial conglomerates that he had observed 
near Glenrowan. 

In a new approach to the dating of the glacial 
sediments of the Bacchus Marsh vicinity, Virkki 
(1939) examined palynomorphs from Coimadai and 
also from above the Talchir boulder bed and the coal¬ 
fields of Bihar, India. She commented that the forms 
observed from the three localities '... were closely 
related if not identical.' She gave the beds a Lower 
Gondwanan age, meaning earliest Permian. Virkki’s 
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Fig. 6. Morions Quarry, Bacchus Marsh. Massive Permian 
Bacchus Marsh Formation sandstone to right; bedded Permian 
Bacchus Marsh Formation sandstone upper centre; Mortons 
Conglomerate Member above bedded sandstone. 

study was the first palynologica! study undertaken of 
Victorian Permian sediments. The only earlier Aus¬ 
tralian Permian palynological paper known to this 
author described palynomorphs sampled from New¬ 
castle, New South Wales (Virkki 1937). Six further 
papers relating to the Coimadai sample were pub¬ 
lished by Indian workers over the next twenty four 
years, (Pant 1942, 1943; Virkki 1946; Pant 1949; 
Pant 1955; Pant & Mehra 1963). The specimen from 
Coimadai Creek became British Museum Sample 
No. 965 of 1925. A sub sample was sent to India in 
1938 for palynological investigations. All trace of 
both the sample in England and the Indian sub sam¬ 
ple has been lost and type specimens in India cannot 
be found. 

Harris & Thomas (1948) discussed Permian gla¬ 
cial sediments in both outcrop and sub surface in the 
vicinity of Campbelltown, central Victoria. They 
produced a map showing glacial localities in the 
area. A somewhat clearer map of the same locations 
was figured in Culvenor (1994). 

In The Geology of the Commonwealth of Austra¬ 
lia, David (1950) discussed Victoria’s glacial sedi- 
mentology and glaciated pavements in a chapter 
titled ‘Carboniferous’, although he indicated that a 
Bacchus Marsh section through the glacial beds was 
'... Permian and Upper Carbs.'A detailed examina¬ 
tion of the literature on the glacial deposits of Victo¬ 
ria was undertaken by Kcnlcy (1952). Spencer-Jones 
(1956) and Wells (1956) described and mapped 
Permian glacials in the Kadnook-Mooree and Cast- 
erton localities in western Victoria. In a comprehen¬ 
sive study of eastern Australian glaciation, Bowen 


(Bowen, R.L., 1959. Late Paleozoic glaciation of 
eastern Australia. Unpublished PhD Thesis, Univer¬ 
sity of Melbourne, Melbourne, pp. 180) closely ex¬ 
amined the Permian stratigraphy of the Bacchus 
Marsh area. A sample of his from Korkuperrimul 
Creek provided a fossil monosaccate pollen grain, 
then known as Nuskoisporites dulhuntyi (Potonie & 
Klaus 1954), which closely resembled similar 
‘spores’ from Lower Gondwanan (Lower Permian) 
coals of the Salt Range, India, and Newcastle, New 
South Wales. Bowen interpreted the glacial diamic- 
tites as mostly tillite produced by melting ice. Later, 
he advocated that all eastern and Western Australian 
terrestrial tills w'ere effectively synchronously Lower 
Permian in age (Bowen 1964). 

Wattless (I960) examined the sedimentary evi¬ 
dence of Australia's Late Palaeozoic glaciations, in¬ 
cluding those of Victoria. He concluded that many 
such sediments were deposited in glaciofluvial, gla- 
ciolacustrine, and glaciomarine conditions from an 
unknown number of glacial episodes rather than di¬ 
rectly under glacial conditions. The palynology asso¬ 
ciated with core from a well. Duck Bay No. 1 in the 
Gippsland Basin, w'as described in two brief papers 
(Evans 1964; Evans & Hodgson 1964). The well in¬ 
tersected Lower Permian glacials. The National Mu¬ 
seum of Victoria (1965) reprinted a description of 
fossils found in Victoria and originally published in 
the Victorian Year Book 1965. Analysis of the age of 
the Bacchus Marsh glacial beds, based on the pres¬ 
ence or absence of fossil plant species, concluded 
they were Lower Permian with ‘... perhaps some 
Upper Carboniferous as well.’ O.P. Singleton (1965) 
reported upon a thin marine band with Conttlaria, 
discovered near the top of the Bacchus Marsh glacial 
sequence. A full report on the species, Notoconularia 
inornata (Dana, 1849) found above Mortons Quarry 
on the western side of Bald Hill, was later made by 
G.A.Thomas (1969) who gave the species an Early 
Permian, Sakmarian age. Another marine inverte¬ 
brate fauna represented by a Trigonotreta brachiopod 
species, a Fenestella bryozoan species, and a Patxt- 
conularia species was reported from the base of the 
Permian glacial sediments at Coimadai by Garratt 
(1969). The brachiopod was named Trigonotreta vic- 
toriae by Archbold (1991) and given an Early Perm¬ 
ian, Asselian to Early Tastubian age. The discovery 
of the marine faunas in the Bacchus Marsh vicinity 
altered the prevailing belief that all Victorian glacial 
deposits were of terrestrial origin. J.G. Douglas 
(1969) examined samples from a number of sites 
across Victoria and documented palaeobotanical and 
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Fig. 7. Interglacial pavement on Permian tillite, Lerdcrderg 
Gorge. Ice movement S to N, S at top of figure. 


palynological specimens found in the glacial beds, 
both cropping out and sub surface. He concluded 
that the glacials were of Early Permian age. Douglas 
reported a number of Permian sporomorphs in asso¬ 
ciation with Triassic plant remains from an aban¬ 
doned adit at Old Nuggetty Gully in central Victoria. 
Spencer-Joncs (1969) provided a review to that date 
of the known Permian glacial deposits of Victoria in 
outcrop and bore intersects. Evans (1969) proposed 
palynological stages for the Permian of eastern Aus¬ 
tralia and allocated the Bacchus Marsh glacial beds 
to his Stage 2 (Lower Permian). 

A comprehensive study of the Late Palaeozoic gla¬ 
ciation of Australia by Crowell & brakes (1971a) in¬ 
cluded an extensive discussion of the Bacchus Marsh 
glacials with briefer notes on other Victorian localities. 
The authors described an unusual feature at the mouth 
of Lerdcrderg Gorge: an interglacial pavement on a 
pre-existing glacial diamictite (see Fig. 7.). Based upon 
Gangamopteris and Trigpnotreta palaeontology, the 
authors placed the Victorian glaciation in the Lower 
Permian. 

Extensive geological investigations were under¬ 
taken as part of the planning for the Merrimu Reser¬ 
voir project on Coimadai Creek at Coimadai (Cox 
1971). A number of bores were drilled upstream from 
the proposed dam wall for the State Rivers and Water 
Supply Commission. Eleven bores indicated that the 
Permian tillite intercepted in localities west of the dam 
site was weathered to a depth of some 12 m. Unfortu¬ 
nately the core from these bores cannot be located for 
further examination either through the Department of 
Primary Industries Core Library or Southern Rural 
Water, the entity that replaced the State Rivers and 
Water Supply Commission in the region in 1985. 



Fig. 8. Kellams Rock glacial pavement. Lake Eppalock. 
Ice movement S to N; S is at the right of the figure Note 
deeply grooved channels in Ordovician bed rock. 


II.E. Wilkinson (1973b) reported on the occur¬ 
rence of glacial deposits and pavements in the Parish 
of Spring Plains, south w'est of Heathcote. Over a 10 
year period F. Robbins, a Bendigo teacher, botanist 
and geologist, wrote in detail on the glacial beds er¬ 
ratics. rochcs moutonnccs, glaciated pavements and 
interglacial pavements in the Dcrrinal-Lake Eppalock- 
Mia Mia region of central Victoria (Robbins 1973b, 
1973a, 1982a, 1982b, 1983a, 1983b, 1983c). He pro¬ 
duced a series of sketch maps showing locations of 
previously unidentified glacial landscape features. 
Robbins was justifiably pessimistic concerning the 
long-term damage that could occur to glaciated pave¬ 
ments and other features, both those situated below 
high water line in Eppalock Reservoir (constructed in 
the 1960s) and those on open land. Today, the finely 
detailed glacial striations on some features recorded 
by Robbins are less obvious than when first photo¬ 
graphically recorded 20 to 30 years ago. One of the 
features discovered by Robbins in 1957 w'as Kellams 
Rock glaciated pavement (see Fig. 8). Robbins was 
quoted in Wilkinson (1973a) as stating that he consid¬ 
ered Kellams Rock the '...biggest and best preserved 
glacial pavement in Australia.’ 

Bowen and Thomas (1976; 1988) produced the 
Permian chapter in Geology of Victoria. All glacial 
outcrop areas in Victoria and many known bore in¬ 
tersects were documented and locality maps and sec¬ 
tions w'ere provided for the more important glacial 
areas. Wilkinson (1977) addressed questions relating 
to conservation of geological features at Derrinal. 
Moorabbec (on the shores of Lake Eppalock) and 
Kangaroo Gully in the Bendigo region of Victoria. 
Referring to the features at Moorabbee, Wilkinson 
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Fig. 9. O’Sullivans Rock rochc moutonnee, Spring 
Plains near Mia Mia, west of Hcathcotc. Ice movement S to 
N, S to left of figure. 


wrote, ‘Overseas geologists with experience of com¬ 
parable sequences in South Africa and India rate it as 
one of the finest examples of Permian glacial rocks 
in the world.’ Based upon an examination of glaci- 
gene material collected in the Bacchus Marsh region 
and examined for palynomorphs, Kemp et al. (1977) 
and Truswell (1981), decided that the glacial sedi¬ 
ments of the region were of Early Permian age, spe¬ 
cifically Permian Palynological Stage 2 of Evans 
(1969), Anderson (1977) in a review of Gondwanan 
Permian and Triassic palynology with an emphasis 
on the South African experience, provided data relat¬ 
ing to Victorian species. 

Joyce and King (1980), editors of Geological 
features of the National Estate in Victoria, selected 
three Permian localities for inclusion: Eppalock Per¬ 
mian glacial sites (Wilkinson 1980a); an exceptional 
Permian roche moutonnee named O’Sullivans Rock 
at Spring Plains near Mia Mia (see Fig. 9.) (Wilkin¬ 
son 1980b); and Werribee Gorge Permian sequences 
(Fenton 1980). O’Brien (1981) compared the lithos- 
tratigraphy and sedimentary structures of glacigenic 
rocks found in Victoria and discussed their age, pal- 
aeolatitudc and palaeoenvironment of deposition. At 
Bacchus Marsh an unusual occurrence was reported 
of a Permian subglacial meltwater channel on the 
western face of Bald Hill infilled by local material 
falling into the channel (Davis & Mallett 1981). 
Craig and Brown (1984) reported on glacial pave¬ 
ments in the Moyhu area south-west of Beechworth 
in north-east Victoria. Later, Rosengren and White 
(1997) documented glacial pavements and outcrops 
of Permian glacigenc rocks of geological and geo- 
morphological significance from north-eastern Vic¬ 


toria. The name Bacchus Marsh Formation was given 
to the Permian glacigenc rocks mapped on Bacchus 
Marsh and Ballan sheets (Roberts 1984, 1985, 1986). 
He did not nominate a type section for the Forma¬ 
tion. One unit, the Morton Conglomerate Member 
on Bald Hill, was differentiated from the Formation. 
Roberts' name, ‘Bacchus Marsh Formation’ for Vic¬ 
toria’s glacially derived sediments, proposed in 1984, 
takes precedence over ‘Wild Duck Creek Formation 
proposed by Edwards et al. (1998). Rosengren (1986) 
documented and mapped many Permian glacial fea¬ 
tures of geological and geomorphological signifi¬ 
cance in the Western Region of Melbourne. O'Brien 
(O’Brien, P.E., 1986. The Permian glacial sediments 
of central Victoria and the Murray Basin - their sedi- 
mentology and geochemistry. Unpublished PhD The¬ 
sis, University of Melbourne, Melbourne, pp. 366. I 
Appendix, 12 Enclosures) undertook an extensive 
study of Permian glacial behavior, glacial sedimen- 
tology. marine-non marine sediment emplacement, 
and palacogcographic and palacoclimatic studies 
covering central Victoria and the Murray Basin. He 
(1989) studied the Late Palaeozoic diamictites of the 
Bacchus Marsh area and concluded that they were 
deposited beneath moving, wet-based ice. He de¬ 
scribed in detail the sedimentological features ol the 
vicinity. 

Rigby and Chandra (1990) undertook a revision 
of the Permian Gondwanan flora from Bacchus Marsh. 
Earlier investigators (McCoy 1861, 1875; Murray 
1887; Fcistmantcl 1890; Chapman 1906) had noted 
the presence of Gangamopteris species at Bacchus 
Marsh but not Glossopteris , which had been found in 
other Gondwanan rocks of similar age. Rigby and 
Chandra examined specimens from Mortons Quarry, 
near Korkuperrimul Creek and reported four Glossop¬ 
teris species, including one new species, plus four 
species of Gangamopteris. The Glossopteris-Ganga- 
mopteris assemblage suggested a Lower Permian age 
to the authors. 

Archbold (1992) emphasised the complex litholo¬ 
gies exposed in the Permian glacigenic sequences in 
the Bacchus Marsh locality. Eyles (1993) provided a 
wide-ranging study of the earth's glacial record over 
time with a broad-scale treatment of the Australian 
Permian glaciation. Archbold (1998) made a compre¬ 
hensive study of the historical literature relating to the 
geology and palaeontology of the Bacchus Marsh area. 
Edwards et al. (1998) published the name Wild Duck 
Formation for Permian glacial and glaciofluvial rocks 
in the Derrinal area of central Victoria. This name was 
derived from the Wild Duck Creek Conglomerate as 
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proposed by Dunn (1890). However, O’Brien et al. 
(2003) in discussing the Permian sediments of Bac¬ 
chus Marsh, acknowledged that the name Bacchus 
Marsh Sandstones of Murray (1887) should take prec¬ 
edence over Dunn’s 1890 Wild Duck Creek Conglom¬ 
erate and should be applied to all Permian glacial 
deposits in the State. As previously noted, Roberts 
(1984) chose the name Bacchus Marsh Formation for 
the unit to comply with present-day lithostratigraphic 
requirements (cf. Salvador 1994). Cochrane ct al. 
(1999), in an introductory volume on Victorian geol¬ 
ogy, discussed the state-wide distribution of Permian 
rocks and glacial pavements in Victoria. 

Mitchell et al. (2000) evaluated all sites of geo¬ 
logical heritage significance on the Melbourne 
1:250000 geological map sheet area (Vandcn Berg 
1997). One Permian site, O'Sullivans Rock, a roche 
moutonnee at Spring Plains near Mia Mia south of 
Lake Eppalock, was allocated International Geologi¬ 
cal Heritage significance; Mortons Quarry glacial 
sandstone sequence on Bald Hill at Bacchus Marsh 
was given National significance. Pierson ct al. (2001) 
described palynomorphs extracted from Permian 
glacial sediments in the Morven Section of the Lerd- 
erderg River. Bacchus Marsh, and concluded that the 
sediments were of Early Permian (Sakmarian) age. 
O’Brien et al. (2003), in Geology of Victoria, de¬ 
scribed Permian features in the Bacchus Marsh and 
Derrinal-Hcathcote areas of central Victoria, the 
northeast outcrops, the Murray Basin, the Western 
District and in East Gippsland, where Permian rocks 
occur only in a bore core. Palacogcography and the 
nature of the glaciation were also discussed by these 
authors; they concluded that Victoria's glaciation 
began in the Australian Pollen and spores Permian 
Zone APP1 of Price (1997) and ceased during APP2, 
a duration of some five million years. 

It is widely accepted that during the Late Palaeo¬ 
zoic Era. terrestrial glaciation was widespread over 
much of Gondwana (Dickins 1985, 1992, 1996). In 
Australia, glacially derived sediments of an Early Per¬ 
mian age have been recognised in Victoria, Tasmania. 
South Australia. Western Australia, New South Wales 
and Queensland (Crowell & Frakcs 1971a, 1971b, 
1975; Brakel & Tottcrdcll 1990. 1992.1995; Crowell 
1999). This evidence indicates that much of the land- 
mass that was later to form continental Australia was 
covered by a vast, thick, ice sheet during the Early Per¬ 
mian (Playford 2001). Today's scattered, residual areas 
of Permian outcrop, glaciated pavements, and sub-sur¬ 
face Permian rocks indicate that most, if not all of Vic¬ 
toria would have been glaciated in the Early Permian. 


VICTORIA’S PERMIAN GLACIALS AS 
EXCURSION VENUES 

As the 19 th century drew to its close, the Victorian 4 
cial exposures became popular venues for excursions 
Best (1891) reported upon a Field Naturalists Club of 
Victoria (FNCV) excursion that visited Bald Hill with 
its ‘... shales, sandstones and conglomerates.’ Barnard 
(1894) visited the Werribee Gorge area with an excur¬ 
sion group front the FNCV and described a roche 
moutonnee in the river bed as well as striated glaciated 
pebbles. In a short paper describing another FNCV 
excursion to Werribee Gorge, Hall (1895) attempted 
to give a balanced view as to the accepted ai>e of the 
deposits. He explained who had first attributed the de¬ 
posits to ice-action, and who had first found direct ev¬ 
idence of pebble striation. 

Pritchard (1914) led a British Association for the 
Advancement of Science excursion to Werribee 
Gorge and prepared detailed notes for participants 
relating to the overall geology and, in particular, the 
glacial conglomerate there. 

In the second half of the twentieth century, inter¬ 
est in Victorian Permian glacials was reignited and 
further excursion guides were produced. Talent and 
Thomas (1968, 1973) described Permian excursion 
sites in the Derrinal-Heathcote area of central Victo¬ 
ria. Singleton (1968, 1973) described the Permian 
sequences to be viewed on an excursion to the Bac¬ 
chus Marsh district. Quick (1988) detailed an exten¬ 
sive excursion into Werribee Gorge that included the 
Permian glacials. Roberts (1988) wrote an excursion 
guide including the Permian rocks in the Bacchus 
Marsh district. O’Brien (1996) described localities 
for an excursion to the Bacchus Marsh area. He in¬ 
cluded a detailed analysis of the sedimentology and 
sediment depositional regimes for glacigene envi¬ 
ronments from the Lerdcrdcrg River, Bald Hill, Wer¬ 
ribee Gorge, and Pykes Creek (west of Bacchus 
Marsh) Permian localities. Archbold et al. (1997) de¬ 
scribed an excursion to the Permian glacial sequences 
cropping out near Bacchus Marsh. A report by Ed¬ 
wards et al. (1998) on Heathcote and parts of Wood- 
end and Echuca 1:100 000 Map Area included an 
itinerary for geological excursions. They nominated 
two Permian outcrop exposures and one glacial pave¬ 
ment in the vicinity of Lake Eppalock as excursion 
sites. In the Castlemaine 1:100 000 Map Area Geo¬ 
logical Report, Willman et al. (2002) documented 
the '... best sites of geological interest' in the mapped 
area. Included were an exposure of the Bacchus 
Marsh Formation and a glaciated pavement near res- 
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ervoirs north of Trcntham. Morand et al. (2003) 
nominated six Permian outcrop excursion sites in the 
south-west of Victoria in their report on the Glcnelg 
Special Map Area 1:50000 geological map series. 
The Bacchus Marsh Heritage Guide (Bacchus Marsh 
and District Historical Society Incorporated 2003) 
emphasized the built environment heritage of the 
area but it also examined a number of Permian gla¬ 
cial sites (along with geological sites of other ages) 
in the Bacchus Marsh vicinity and provided histori¬ 
cal notes as well as geological descriptions designed 
to encourage the curious to visit these sites. 

PERMIAN GLACIAL SANDSTONES AS 
BUILDING STONE 

Permian sandstones from central Victoria have been 
used as building stone since early colonial times with 
generally poor results because of the stone’s low 
durability. 

Selwyn ct al. (1859) analysed building stones to 
be used in constructing the Houses of Parliament in 
Melbourne. Stone sourced from Matsons Quarry (on 
Bald Hill) near Bacchus Marsh and Darley from a 
quarry on Goodmans Creek, Coimadai, was in¬ 
cluded. The Bacchus Marsh stone was duly used in 
the Parliament House Library but the Darley stone 
was overlooked. Knight (1859). in a paper discussing 
the various building stones used in Melbourne, stated 
that Bacchus Marsh stone had been used in the col¬ 
ony for 14 years prior to that date. It had been used in 
the erection of ‘... the New Treasury, the Custom 
House, and the Crown Lands Office.’ The Bacchus 
Marsh stone was seen by Knight to be somewhat in¬ 
ferior in quality as a building stone. 

In his Treatise on Australia Building Stones , 
Knight (1864) reiterated much of his 1859 discus¬ 
sion concerning Bacchus Marsh and Darley stones. 
He preferred Darley to Bacchus Marsh stone but 
stated ‘... my admiration is not absorbed in either.’ 
Their use was only acceptable in Melbourne because 
of their local availability and their price. A new dis¬ 
covery of ‘carboniferous series' sandstone from the 
Wcrribce River near Ballan was found to be of poor 
quality (ibid.). Murray (1884a) acknowledged that 
the sandstones from Bacchus Marsh and Darley were 
not performing well on public buildings, but under¬ 
stood that price and availability would still result in 
their extensive use. Pritchard (1910) and Richards 
(1910) both commented upon the general unsuitabil¬ 
ity of the building stones from Bacchus Marsh and 


Darley. Richards noted that the local stone used for 
the Bacchus Marsh Church of England had not 
weathered as badly as other buildings. Summers 
(1923) wrote that local sandstone had been used on 
the courthouse at Bacchus Marsh and on the Old 
Treasury Building in Melbourne. Spry (1988) dated 
the building of the Bacchus Marsh courthouse at 
1845, making it perhaps the first public building 
constructed from Victorian glacial sandstone. Sum¬ 
mers (1935) observed that glacial sandstone quarries 
at Bald Hill, Darley and nearby Greendale had been 
abandoned. Summers reported upon the successful 
use of Kyneton glacial sandstone for the New Arts 
Building at the University of Melbourne. This glacial 
stone had qualities superior to that from other 
localities. 

Spry (1988) produced a comprehensive record of 
the history of stone use in Melbourne. Permian gla¬ 
cial sandstones from Bacchus Marsh, Darley, Ballan, 
Egerton, Greendale, Werribcc Gorge, Kyneton, and 
Mount Ida Creek are recorded as having been quar¬ 
ried and used as building stone with varying success. 
In a study of dimension stone in Victoria, King and 
Weston (1997) described the colonial use of Permian 
glacial sandstones from Bacchus Marsh and Darley 
with unsatisfactory outcomes. After the 1850s and 
into the 1920s, glacial sandstone from Lauriston 
(Kyneton) was used in buildings, but it too was found 
to have low durability. 

CONCLUSIONS 

The literature on the Gondwana-wide Permian glacial 
period as it affected Victoria is extensive. This is to be 
expected as glaciation was a major element in Victo¬ 
ria’s geological history. In particular, central Victoria 
has been the focus of many studies and differing 
opinions. Bacchus Marsh and the Heathcote-Derrinal 
areas have been the most studied, because they have 
the most striking outcrop, including glaciated pave¬ 
ments. Theories relating to the generation and age of 
such features have developed gradually over a period 
of almost 150 years since A.R.C Selwyn first identi¬ 
fied evidence of glacial activity in Australia. 

ACKNOWLEDGEMENTS 

The author thanks Guang Shi, Doug McCann and 
two anonymous reviewers for constructive criticism 
of this manuscript. 


228 


R.R. PIERSON 


DEDICATION 

Professor Neil Archbold had a long, close relationship 
with Victoria’s Permian glacigene rocks and striated 
pavements, testimony to the immense power of glacial 
ice motion to sculpt and rearrange the landscape. He 
had a special interest in the Bacchus Marsh region 
indeed he named the only Permian brachiopod species 
to be found in this area. Neil wished to examine and 
report upon the historical literature of the Permian 
glaciation for the state of Victoria in the manner lie 
had already carried out for the Bacchus Marsh area 
but time was against him. This paper reviews that lit¬ 
erature and is dedicated to Neil’s memory. 
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porcelains in the English-speaking world by Edward Hcylyn and Thomas Frye in about 1743. 
Proceedings of the Royal Society of Victoria 120(1): 236-256. ISSN 0035-9211. 

Kiln-firing of analogue Bow first patent porcelains demonstrates that such wares (‘A’-marked porce¬ 
lain group) are hard-paste (pate dure). These ceramics have a biaxial starting composition comprising re¬ 
fractory China clay and lime-alkali glass cullet, a high-firing Si-AI-Ca body and glaze, demonstrate 
resistance to thermal stress, exhibit a micro-texture showing marked recrystal I isation of the porcelain 
body (calcium plagioclasc and two glassy phases), and display both good transluccncy and a sub-conchoi- 
dal fracture. Manufactured commercially in east London circa 1743-1745, they predate Chelsea soft- 
paste porcelain by some twelve months or more. William Cook worthy's hard-paste porcelain by a quarter 
of a century, and represent the earliest Anglo-American response to Meissen and the Asiatic. 

Key words: Bow porcelain, William Cookworthy, Meissen, Chelsea porcelain, hard-pastc porcelain, pate dure , 

Cherokee clay. 


SINCE THE LATE 1930s, when the ‘A’-marked por- 
celains were recognised as a coherent group, there 
has been a reluctance to accept these wares as the 
products of the 1744 Bow patent manufactured by 
Heylyn and Frye in east London. This hesitancy has 
been based in part on a general state of denial within 
English ceramic circles of the veracity and efficacy 
of this 1744 ceramic patent filed in London on 6 De¬ 
cember, 1744 by Edward Heylyn and Thomas Frye, 
two of the proprietors of the Bow porcelain manufac¬ 
tory. Consequently a variety of factories other than 
Bow, some likely to prove to be more fictitious than 
real, have been proposed as a source for these techni¬ 
cally and artistically brilliant ceramics. Although the 
1744 patent details in remarkable clarity the nature 
of the raw materials required, the proportions neces¬ 
sary for body and glaze, and the manner of manufac¬ 
ture of such porcelains, these specifications have 
been variously declared as vague, experimental, cau¬ 
tious, hesitant, uncertain, tentative, not worth the 
paper they are written on, and nothing but a sea of 
troubles. Ramsay et al. (2006) have demonstrated 
that these prevailing negative views and notions have 
been predicated on misleading concepts and inter¬ 
pretations. These include an erroneous version of the 
patent (Chaffers 1863), an incorrect recipe for the 
glass frit specified in the patent (Church 1881, 1885) 
which was employed by Burton (1902) during his 
failed attempts to make analogue Bow first patent 
wares, deductions from the patent taken out of con¬ 


text (Tait 1959), and an unsubstantiated claim by 
Watncy (1963, 1973) that the patent recipe using 
Cherokee clay (uneka) was almost certainly unwork¬ 
able. Because of this general reluctance to accept the 
Heylyn and Frye 1744 patent, ceramic commentators 
over many years have been poorly placed to recog¬ 
nise and accept the porcelains that are derived from 
this set of specifications. Moreover Watncy (1963, 
1973) further proposed that this patent might have 
been entered merely to monopolise the use of the 
uneka clay so as to allow the patentees, I Icylyn and 
Frye, more time in which to develop a hard-paste 
formula. What Watncy failed to recognise is that 
these patent specifications, as will be shown in this 
discussion, arc themselves a hard-paste formula. 

The aim of this contribution is to examine the 
concept of hard-paste porcelain and based on our 
previous research including the firing of analogue 
Bow first patent wares (Ramsay et al. 2001, 2003, 
2004a, 2006), to demonstrate that the products of the 
1744 patent are hard-paste. Built on the notion that 
the ‘A’-marked group represents Bow first patent 
porcelains and that Bow was producing these com¬ 
mercial, hard-paste wares by c. 1743, a re-evaluation 
of the significance of the Bow porcelain manufac¬ 
tory and its ceramic output has now been underway 
for the last six years. 
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HARD- AND SOFT-PASTE PORCELAIN 

Savage and Newman (1976) recognise three types of 
porcelain, namely true porcelain, artificial porcelain, 
and bone china. Alternative names employed for true 
porcelain are hard-paste porcelain or pate dure in 
France and poreelaine myale at Sevres. In the case of 
artificial porcelain, synonyms recognised by Savage 
and Newman (1976) arc soft-paste porcelain, pate ten- 
dre , porcehdne de France , and frit porcelain. Porce¬ 
lain of this kind is claimed by these writers to be made 
with powdered glass as a substitute for the feldspathic 
rock regarded as being used in true porcelain. 

Singer and Singer (1963) record that hard porce¬ 
lain has come to cover a wide range of bodies and 
primarily such types are regarded as a high-quality, 
dense body of which one type is known as true Con¬ 
tinental hard porcelain comprising largely potash 
aluminosilicates. This body was developed as a copy 
of Chinese porcelains for tableware and artwarc. 
However as will be shown below this theoretical Chi¬ 
nese recipe is but one of many Chinese formulations 
and there is no unique composition which character¬ 
ises Asiatic wares as a whole. 

Godden (2004) comments that there are two 
basic types of porcelain namely hard- and soft-paste. 
He notes that Chinese and Japanese were of the ‘true’ 
or hard-paste type, as were porcelains from Meissen 
and from most European factories. In contrast early 
Vincennes or Sevres porcelain of the period 1745 - 
1772 (together with other early French factories such 
as Saint-Cloud, Mcnnecy, and Chantilly) were of the 
artificial or soft-paste type. Likewise most 18 ,h cen¬ 
tury English concerns were also of the artificial vari¬ 
ety. Godden (2004) lists the features typically 
associated with hard-paste and these include a white 
and glittery surface, a cold feeling on being touched, 
a brittle nature with conchoidal fractures visible on 
chipped surfaces, a physical hardness traditionally 
verified with the use of a steel file, and a hard glaze 
with a tendency for the on-glaze enamels to lie on 
the surface rather than to sink in. In reality Godden 
notes that there are numerous exceptions to the above 
rules and that with practice it is apparently possible 
to differentiate by eye and touch between hard-paste 
and soft-paste porcelain. Godden then points out that 
there is a school of thought that suggests that these 
terms relate only to the firing temperature employed, 
with hard-paste wares undergoing a ‘hard’ fire at 
temperatures of 1,300 - 1,400°C and soft or artificial 
English wares being subjected to a ‘soft’ fire at 
around l,200°C. 


The term or concept of hard-paste porcelain ap¬ 
pears to have originated with Alexandre Brongniart 
in that such wares required a hard fire as recounted 
by Honey (1962), 

Such ‘true’ porcelain is white and translucent 
and shows a conchoidal. or shell-like, fracture; it 
was called hard-paste by Alexandre Brongniart 
apparently because it requires a ‘hard fire’ (that 
is to say, a high temperature in the kiln) to fuse it, 
but the name is customarily taken to refer to its 
characteristic hardness to the file. ‘Soft-pastes’ 
are imitations of true porcelain made of ground¬ 
up glass of various composition mixed with 
white clay or other substances; they fuse at a low 
temperature and are glazed with easily fusible 
lead glazes. 

I Iowever the visual distinction between hard- and 
soft-paste porcelain bodies is in a number of in¬ 
stances difficult as noted by Antoine d’Albis (1999), 
who asks. 

Was there a connoisseur of the day who could 
have distinguished between Bbttger’s whites and 
the white of Saint-Cloud? 

D’Albis further notes that the scientific frater¬ 
nity of former years, distinguished between the two 
by placing a cup made of soft-paste inside a cup 
made of hard-paste porcelain and then heating both 
to a high temperature inside a kiln. Inspection after 
cooling would demonstrate that the soft-paste body 
had melted whilst the latter would have remained in¬ 
tact and thus be credited with the term ‘genuine por¬ 
celain,’ a term that finds parallels with the English, 
who refer to true hard-paste porcelain comprising 
kaolinite clay and a feldspathic flux {petuntse). 

Consequently one of the major distinguishing 
features between hard- and soft-paste porcelains is 
the temperature at which sintering and partial vitrifi¬ 
cation of the body is achieved. Singer and Singer 
(1963) state that firing temperatures for hard porce¬ 
lain range between cone 9 (1,280°C) and cone 16 
(1,460°C) (Table I). Fleming and 1 lonour (1979) re¬ 
gard hard-paste porcelains to have been fired between 
temperatures of 1,250 - 1,350°C, while soft-paste 
bodies reach maturity at temperatures distinctly below 
1.250°C (Table I). Kingcry (1986) states that soft- 
paste bodies are fired at temperatures of around 
l,100°C while early Bottger porcelain required tem¬ 
peratures in the order of 1,355°C. In the case of early 
Chinese porcelain, temperatures of between 1,250 
and I.300°C are estimated (Kingery 1986). Miller 
(1998) regards soft-paste bodies to have been fired at 
temperatures less than 1,250°C, while hard-paste por- 


Table 1. Criteria used by various authors to differentiate between hard- and soft-paste porcelains. 
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celain requires temperatures up to 1,400°C depend¬ 
ing on the clay/flux mix. Possibly the most extreme 
temperature divide is that employed by Weiss (1971) 
where he places the lower boundary for hard-paste 
porcelains at greater than 1.350°C (Table 1). Like¬ 
wise Owen (2002) suggests that Chinese hard-paste 
porcelains undergo a single kiln-firing of around 
1,400°C. We note that such a high temperature thresh¬ 
old of 1 ,350 1,400°C would exclude many Oriental 

hard-paste wares fired in the region of 1.280 - 
1,350°C and based on the various temperature esti¬ 
mates given in Table 1 a broad defining boundary of 
around 1.250°C offers a convenient thermal divide 
between soft- and hard-paste porcelain bodies. 

Resistance to thermal shock or thermal stress 
(rapid changes in temperature) has traditionally also 
been used to differentiate Oriental porcelains from 
soft-paste wares. D'Albis (1999) records that this 
feature was employed by Jussieu and Duhamel du 
Monceau, who set about to verify the claims made 
by Pierre Joseph Macquer that he had fired hard- 
paste porcelains using material found at Saint Yrieix. 
Likewise, Thomas Briand claimed that his porcelains 
exhibited before the Royal Society of London on 10 
February, 1743 were both resistant to thermal shock 
and were refractory in nature (Mountford 1969). As¬ 
suming the veracity of Briand’s claims one can de¬ 
duce that his porcelains would have contained 
considerable amounts of refractory China clay and 
on this basis there is but one group of porcelains 
known to have been manufactured at this time in 
London that conforms to these properties (Daniels 
2007), namely Bow first patent porcelains. 

The reason for this greater resistance to thermal 
shock shown by hard-paste porcelain bodies has been 
explained by Kingery and Vandiver (1986). Low-fir¬ 
ing bodies containing free-silica derived from quartz 
sand or crushed flint, develop outer rims of disor¬ 
dered cristobalite (a high-temperature silica poly¬ 
morph) at temperatures > 870°C (Hamer 1975). This 
cristobalite on cooling to around 200°C reverts to an¬ 
other crystalline form with a volume change similar 
to quartz. Consequently density and hence volume 
variation during initial heating and cooling results in 
incipient fractures extending out from the silica 
grains into the remainder of the body. These incipi¬ 
ent fractures act as loci for subsequent heat-induced 
stress and such fractures migrate rapidly through the 
ceramic body resulting in rupture. In contrast, high- 
firing bodies develop siliceous melt rims (not cristo¬ 
balite) around any quartz grains in the body. This 
melt phase on cooling forms a glass typically lacking 


associated stress fractures leading into the surround¬ 
ing body or matrix. This absence of stress fractures 
between glassy rims and matrix in high-fired wares 
confers greater strength to the porcelain body. In the 
case of essentially biaxial bodies such as Bottger’s 
porcelain from Meissen or Bow first patent bodies, 
this silica conversion problem rarely exists as both 
recipes lack the addition of a free-silica phase, other 
than minor silica impurities associated with the 
China clay used. Regardless, both bodies, because of 
their high-firing characteristics, would tend to form 
siliceous glassy rims rather than cristobalite around 
any remnant free-silica particles present that escaped 
the washing process and consequently both bodies 
display excellent thermal stress resistance. Singer 
and Singer (1963) observe that bodies with very high 
quartz contents may have excess quartz in the fired 
body, which under prolonged firing may result in 
cristobalite appearing. Because of cristobalite’s 
higher expansion coefficient, this may lead to re¬ 
duced thermal shock resistance. 

Sandon (1989) regards the presence of kaolin 
clay and the method of firing as key discriminators 
between hard- and soft-paste porcelain. Hard-paste 
bodies are matured in a low-temperature glost kiln 
and the glaze is subsequently applied to the imma¬ 
ture, underfired body, whereupon both body and 
glaze are fired together at a higher temperature to 
maturity. This feature is found with both Meissen 
porcelain and William Cookworthy’s porcelain and is 
the method inferred by us to have occurred in the fir¬ 
ing of Bow first patent wares (Ramsay et al. 2004a). 

Microtexture of the porcelain body has also been 
used as a discriminant between hard- and soft-paste 
porcelains. Church (1898) gives a detailed descrip¬ 
tion as follows. 

If we bring in the microscope to aid us in the dis¬ 
crimination of these differences and resem¬ 
blances, we shall find that all the hard porcelains, 
as well as the stonewares which come nearest to 
them, have a common and distinctive structure 
which never occurs in the glassy, phosphatic and 
siliceous pastes, fired at a lower temperature, 
which simulate them in outward appearance. 

The peculiarity of structure consists in the 
presence of a vast number of small, straight- 
ended slender rods called belonites, (crystallites) 
and of many minute granules called spherulites, 
both rods and granules having been formed out 
of the original materials, but not pre-existing 
them: embedded in a clear or nearly clear paste, 
the binding material or cement (glassy melt 
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phase). This observation helps us to a classifica¬ 
tion, which, if necessarily imperfect from the 
very mixed and capricious products with which 
one has to deal, does, at least, recognize the main 
characteristics of the different types. 

Church is arguing here that hard-paste porcelains 
show a degree of recrystallisation and retexturing not 
found in lower fired, soft-paste wares. 

Owen (2002) emphasises the use of at least some 
man-made ingredients (eg. fritted mixtures of various 
compounds) in artificial (soft-paste) porcelains. These 
wares are fired in a biscuit kiln (~1,250°C) and then 
subsequently glazed in a lower temperature glost kiln. 
In contrast, Owen argues that true (Chinese-type) por¬ 
celains contain only ‘natural ingredients’ (eg. China 
stone and China clay), which are given a single high- 
temperature (~1,400°C) firing during which the glaze 
fuses to the body. Glazes associated with these bodies 
are typically of an alkali-lime type. We suggest that 
such a distinction between soft- and hard-paste wares 
based on the presence or absence of man-made ingre¬ 
dients might possibly be artificial. An example is pro¬ 
vided by the use of man-made slaked alabaster in early 
Meissen hard-paste porcelain. However Owen’s con¬ 
tention that recourse to a single, high-temperature fir¬ 
ing for both body and glaze in hard-paste porcelains is 
in concert with numerous other commentators such as 
Sandon (1989) as a key characteristic of hard-paste 
porcelains. 

The assumption of the necessary presence of a 
high-firing, or refractory kaolinitic China clay in the 
body of hard-paste porcelains has been universally 
accepted by Western ceramic experts (Watncy 1963, 
1973; Rado 1969; Savage 1970; Sandon 1989; Young 
1999; Hillis 2001; Owen 2002; Godden 2004). This 
Western belief in the importance of China clay can 
be traced back to the writings of the Jesuit priest, 
Francois Xavier d’Entrecollcs. 

D’ENTRECOLLES AND THE USE OF 
KAOLINITE CLAY BY THE CHINESE 

A major influence on Western thinking as to the 
composition of Chinese hard-paste porcelains were 
two letters written by Francois Xavier d’Entrecolles, 
who resided and worked at Jingdezhen (Ching-te- 
Chen) and wrote accounts of Chinese ceramic prac¬ 
tices in 1712 and 1722. These letters W'ere in turn 
published in Paris in 1717 and 1722 and then incor¬ 
porated in Jean-Baptiste Du 1 (aide’s The General 
History . of the Empire of China, Chinese 


Tartary, Corea and Thibet, with the English edition 
appearing in 1736. 

Based to a large degree on d’Entrecolles’ writ¬ 
ings, the concept of composition has tended to domi¬ 
nate Western thinking with respect to both Asiatic 
and European hard-paste porcelains. The notion of 
Chinese ‘true’ hard-paste porcelain has been widely 
accepted in the literature as comprising a mixture of 
China clay (refractory kaolin clay), and feldspathic 
rock, or petuntse. Savage (1970) in discussing true 
porcelain states. 

In China it was made from kaolin (china clay) 
and a fusible feldspathic rock termed ‘pai-tun- 
t’zu, the latter usually written in the form em¬ 
ployed by 18 u, -century French missionaries, who 
called it ‘petuntse.’ 

Fleming and Honour (1979) define hard-paste 
(pate dure) or true porcelain as, 

...made from KAOLIN (white china clay) and a 
feldspathic rock called china-stone or 
PETUNTSE (chemically, silicate of potassium 
and aluminium) which when fired at a high tem¬ 
perature (1250 -1350 °C.) fuse(s) to a glassy 
matrix. 

Young (1999) comments that the porcelains of 
China and Japan were high-fired, being fired be¬ 
tween 1,300 and l,400°C and that at these tempera¬ 
tures the two principal components of hard-paste are 
kaolin (China clay) and petuntse (China stone) fused 
to form a hard and vitrified white body. Likewise 
Godden (2004: 18) defines true or hard-paste porce¬ 
lain as comprising China clay and China stone fused 
at or above 1,300°C; the related glaze comprising pe¬ 
tuntse, lime, and potash. Possibly the most recent 
summary of the current thinking on Chinese ‘true’ 
hard-paste porcelain can be found with Carswell 
(2000; 20) where he writes. 

Until relatively recently it had been generally 
thought that (Chinese) porcelain was a combina¬ 
tion of two basic materials; kaolin (white china 
clay) and petuntse (pulverized porcelain stone). 
This was based on the observations of a French 
Jesuit, Pere d’Entrecolles, Who visited Jingdezhen 
in the early eighteenth century.Two dec¬ 

ades or so ago it began to be questioned whether 
the kaolin/petuntse combination was true, and a 
series of international conferences on ceramic 
technology in China have concluded that the for¬ 
mula is far more complex, not only varying at dif¬ 
ferent periods and kiln sites but more recently 
being revealed to have a major divide between 
north and south China. 
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Wood (2000) comments as follows, 

Perhaps the greatest differences that have 
emerged from analytical studies of Chinese high- 
fired ceramics, in terms of their fundamental 
compositions, arc those established between 
wares from the north and south of the country - 
with northern wares being rich in clay and the 
southern wares rich in quartz. 

What has become apparent from compositional 
studies of Chinese porcelains over the last 25 years, 
with the opening up of the country to Western re¬ 
searchers and a more ready access to Western analyt¬ 
ical techniques by Chinese scholars, is that the 
long-standing Western notion that Chinese ‘true’ 
hard-paste porcelains comprise but kaolin and a feld- 
spathic flux is far too simplistic and fails to recog¬ 
nise the breadth in starting materials used, the 
geographical spread of kiln sites, the evolution of 
various types of body with time, and the variety of 
resultant fired porcelain bodies. 

The earliest Chinese porcelains to have emerged 
were probably made during the Sui (581 - 617 AD) 
or the early Tang (618 - 906 AD) Dynasties. It ap¬ 
pears that porcelain evolved from the high-fired 
northern white wares that were developed in the fifth 
or sixth century and were produced in the northern 
kilns of Hebei. Henan, Shaanxi, and Anhui provinces 
located north of the Yangtze River. Wood (2000) 
notes that the first porcelains to appear were during 
the Sui-Tang transition in the late 6 lh to early 7 th cen¬ 
turies and these can be regarded as unusually pure 
versions of the more abundant northern stonewares, 
which reappeared in the north in quantity during the 
6' h century after a puzzling gap of some 1,600 years. 
Apparently, relatively pure sedimentary porcelain 
clays were combined with various fluxes thus pro¬ 
ducing tough, dense, white porcelain, which at times 
showed a translucency (Wood 2000). 

Those clays from North China, which are rela¬ 
tively pure, approach the composition of kaolinite and 
were blended with variable amounts of quartz and 
feldspar thus approaching in composition the Western 
concept of ‘true’ hard-paste porcelain. Yanyi (1987) 
records that Ding white porcelain bodies comprise 
Lingshan refractory clay, 10-20 % feldspar and quartz, 
as well as small amounts of calcite and dolomite. 
Likewise Gongxian high-fired white wares comprise 
Gongxian clay blended with feldspar, whilst elsewhere 
such as in the Henan and Shaanxi provinces, less pure 
clays containing fluxes in their own right were mixed 
with purer more refractory clays to produce a suitable 
body. In short, the various porcelains produced from 


the northern provinces of China reflect the nature nd 
purity of the local raw materials and the resultant ce¬ 
ramic body is the product of the variable use and 
blending of clays (some of which are relatively pure 
kaolinites), feldspar, quartz, calcite, and dolomite and 
broadly these high-fired wares can be regarded as clay 
or clay-feldspar in composition as reflected j n their 
typical high A1,0, contents. What is apparent is that 
the Western concept of a kaolinite-fcldspar recipe 
does not apply in all cases. 

In contrast by 500 AD in South China glazed 
stonewares had been in production for two millennia 
(Chen et al. 1999). Yanyi (1987) in an important con¬ 
tribution based on the analytical results and deduced 
recipes obtained from numerous kiln wasters 
throughout China, states that the occurrence 0 f sig¬ 
nificant deposits of porcelain stone in southern China 
formed the basic material of the high-firing body by 
the I0 lh century AD and led to the discovery of por¬ 
celain in the south. The main centre for this develop¬ 
ment appears to have been in the vicinity of 
Jingdezhcn where at various 10" 1 century sites por¬ 
celains made from what is inferred porcelain stone 
are intermixed with grey-bodied, ash-glazed stone¬ 
wares (Xinyuan & Kun 1980). 

Porcelain stone has apparently been confused in 
the past with China stone (petuntse) and porcelain 
clay or China clay and as Yanyi (1987) has pointed 
out; this has resulted in considerable confusion, both 
among experts and in the literature. Porcelain stone 
is most likely derived from hydrothcrmally altered 
acid igneous rocks comprising intrusives, lavas, and 
fragmentals both pyroclastic and epiclastic, which 
have undergone phyllic alteration. This resultant sec¬ 
ondary or alteration assemblage comprises quartz, 
sericite +/- pyrite (Edwards & Atkinson 1986) and 
where the alteration merges with potassic alteration 
the assemblage quartz, orthoclase, biotite +/- albite. 
sericite, anhydrite, sulphides may develop. Subse¬ 
quently these altered igneous assemblages, or porce¬ 
lain stone, if lightly weathered may still contain some 
feldspar, either primary or secondary. However if 
such rock is exposed to prolonged weathering then 
any remnant feldspar will break down to kaolinite 
and the assemblage will then comprise quartz, seric- 
itc +/- kaolinite. Consequently the final mineralogy 
of porcelain stone will vary depending on the degree 
and type of hydrothermal alteration and the intensity 
of subsequent weathering or regolith development. 
Wood (2000) records that such rocks occur in the 
coastal provinces of southern China and include 
Jiangsu, Zhejiang, Fujian, and Guangdong. 
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The use of porcelain stone in the south of China 
may have commenced with the Yue kilns in Zhejiang 
province which produced high-fired wares with 
dense bodies dating to the Eastern Han dynasty of 
221 BC - 220 AD (Yanyi 1987). Apparently the Yue 
kilns were not the only ones to employ porcelain 
stone in producing high-fired wares with Yanyi 
(1987) recording the Longquan kilns in Zhejiang, the 
Southern Song Guan kiln in Hangzhou, the Jizhou 
kilns in Jiangxi, the Hutian and Xianghu kilns of the 
Jingdezhen district, the Imperial factories of the 
Ming and Qing Dynasties, the Dchua kilns in Fujian 
and the kilns in the Jianyang district and various 
kilns in Anhui and Jiangsu as all actively employing 
porcelain stone as a key raw material. The actual de¬ 
velopment of porcelain out of these high-firing wares 
may have been known by Tang potters but it was ap¬ 
parently not until the Song Dynasty (960 ■ 1279 AD) 
that a translucent, high-firing ceramic, known to the 
West as porcelain, first appeared. 

Apparently a porcelain body, where porcelain 
stone is used (quartz and sericite), has a narrow vitri¬ 
fication temperature and by the Yuan Dynasty (1280 
- 1367 AD) in the south, kaolinitc commenced to be 
added to the paste in order to broaden the range at 
which vitrification and sintering occurs and thus 
minimising the tendency for various vessels, espe¬ 
cially larger ones, to become pyroplastic and deform 
(Yanyi 1987). From this time onwards porcelain 
stone was blended with kaolinitc to make the porce¬ 
lain body in the Jingdezhen region, with a concomi¬ 
tant increase in the A1 2 0, content. Ren (1983) has 
demonstrated at least three sources for kaolinite in 
the Jingdezhen region, these being Mingsha. Xingzi, 
and Linchuan. Calculations by Yanyi (1987) has indi¬ 
cated that during the Yuan Dynasty some 10 - 20 
wt% kaolinite was added to the Jingdezhen porcelain 
body with minor increases occurring during the 
Ming Dynasty (1368 1643 AD) and again in the 

Qing Dynasty (1644 - 1912 AD). This addition of 
kaolinite resulted in an increase in the range of firing 
temperatures, reduced the incidence of deformed 
wares, and increased both the strength and quality of 
the body and associated glaze. 

In a note of caution Wood (2000) states that dur¬ 
ing the Yaun and Ming Dynasties the identity of this 
clay-rich additive and its physical properties are still 
being debated. However by the Qing Dynasty (1644 
AD) kaolinite clay was now a major ingredient of the 
Jingdezhen porcelain body with its contribution ris¬ 
ing to 40 - 50%. Wood (2000) further notes that kao¬ 
lin was very much a Jingdezhen material and that it 


saw little use at kiln sites such as Dehua in Fujian 
province, whilst porcelain kiln sites in both Korea 
and Japan appear to have managed with minimal or 
zero use of kaolin, where porcelain stone (in part ka- 
olinised) alone was used. Yanyi (1987) states that 
porcelain stone on its own is both plastic and fusible 
and consequently is able to combine the properties of 
the more familiar Chinese recipe recognised in the 
West comprising kaolinite and feldspar. Conse¬ 
quently early porcelains from southern China made 
using porcelain stone tend to be siliceous, reflecting 
the abundance of silica in the recipe, and low in 
ALO,. reflecting either the absence or low levels of 
an aluminous clay such as kaolinite. In contrast por¬ 
celains derived from North China tend to be domi¬ 
nated by sedimentary or transported clays and 
consequently can be termed ‘clay’ or ‘feldspar-clay’ 
porcelains with associated high ALO, contents 
(Yanyi 1987). This compositional divide between 
north and south was apparently first recognised by 
Sundius and Sieger (1963). 

It now appears that the Western concept of ‘true’ 
hard-paste Chinese porcelain is based more on an ac¬ 
cident of both timing and geographical location. Had 
d’Entrecolles visited Jingdezhen two or three hun¬ 
dred years earlier his description of what constituted 
Chinese hard-paste porcelain would have differed 
considerably from that observed by him in the early 
18"' century. Likewise had d’Entrccolles worked in 
Northern China instead during the early 18"' century, 
again his description of Chinese porcelain would 
have departed from what he recorded to the south. 
Possibly the most succinct and incisive summary of 
current thinking on the composition of Oriental ‘true 
hard-paste porcelains rests with Wood (2000) where 
he states, 

kaolin is an ‘optional extra’ in the East rather 

than the very basis of porcelain production as in 

the West. 


THE DEVELOPMENT OF HARD-PASTE 
PORCELAIN IN EUROPE 

The discovery of hard-paste porcelain in Europe is 
credited to Ehrenfried Walther von Tschirnhaus and 
Johann Friedrich Bottger at Meissen in 1709. Bott- 
ger's porcelain or ‘fine transparent white porcelain’ 
was first produced commercially by 1713, yet for the 
period dating from ~ 1709 till Biittgcr’s death in 1719, 
if not into the very early 1720s, the paste recipe had 
little in common with that used in the Orient, other 
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than that clay of variable purity (initially Colditz clay 
and then subsequently a purer clay termed Schnorr’s 
kaolinite clay, from Aue) was used. During this early 
period the flux employed was a ground and calcined 
alabaster (CaSOj.21 LO) from Nordhauzen. Estima¬ 
tions of the firing temperature in the system Si0 2 - 
Al 2 0,-CaO indicate ~1,400°C. however the presence 
of very minor impurities in the clay in the form of 
Na 2 0 (0.1 wt%) and K 2 0 (0.3 wt%) is likely to have 
depressed the firing temperature to a little over 
1,350°C (Schulle & Ullrich 1982, 1985; Kingery 
1986). Kingery (1986) observes that Bottgcr's porce¬ 
lain for this early period does not contain as much 
quartz as found in Chinese porcelain and was not de¬ 
rived from a triaxial paste (quartz, feldspar, kaolin). 
Hence Kingery suggests that although widely re¬ 
garded as hard-paste, Bottger’s porcelain should be 
referred to as an entirely new composition, which re¬ 
sulted in high-firing white porcelain. Schulle and Ull¬ 
rich (1985) regard the resultant body as not dissimilar 
to Chinese Ding ware while Menzhausen (1990) uses 
the term ‘Bottger porcelain’ to describe the wares for 
the period -1713 —1720. By the early 1720s a po¬ 
tassium feldspar (orthoclase) flux replaced the cal¬ 
cined alabaster flux and this allowed for a slight 
lowering of the firing temperature (Kingery 1986). 
nevertheless this later porcelain apparently had a 
lower quartz content than other hard-paste porcelains 
of Europe and that of the Chinese (Kingery 1986). 


THE DEVELOPMENT OF HARD-PASTE 
PORCELAIN IN ENGLAND 

Hanl-paste initiatives in Britain 

In England the first production of a commercial 
hard-paste porcelain body is widely credited to Wil¬ 
liam Cookworthy, an apothecary living in Plymouth, 
who in 1768 enrolled his specifications for, 

A kind of porcelain newly invented by me, com¬ 
posed of moorstone or growan and growan clay. 
This important development of a hard-paste body 
using in part, growan clay (kaolinite) is universally 
accepted as representing the first high-fired, hard- 
paste body in English ceramic history (Burton 1906; 
Ecclcs & Raekham 1922; Mackenna 1946; Watney 
1963, 1973; Sandon 1989; Spero 1998; Young 1999; 
Hillis 2001; Godden 2004). Cookworthy appears to 
have based his hard-paste porcelain recipe on the 
writings of d’Entrccolles and from both his patent 
wording and the work of Wood and Cowell (2002) it 


has been concluded that William Cookworthy manu 
factured a range of ceramic bodies using these Cor¬ 
nish raw materials, namely growan, moorstone (or 
porcelain stone - an altered granite rich in quartz 
feldspar, scricite +/- kaolinite) and growan clay 
Cookworthy s glazes were made from related materi¬ 
als fluxed with limestone, which had been burnt with 
fern leaves. Based on these discoveries Cookworthy 
founded ‘The New Invented Plymouth Porcelain 
Company’ in 1768 and commenced to produce com¬ 
mercial hard-paste wares until the concern was moved 
to Bristol in 1770 and finally sold to Richard Cham¬ 
pion in 1774. As noted, Cookworthy appears to have 
produced a variety of hard-paste bodies (Table 2) 
ranging from one-rock bodies comprising partially 
kaolinised porcelain stone derived from St. Stephens 
in Cornwall through to bodies comprising the addi¬ 
tion of prepared kaolinite clay (Wood & Cowell 
2002 ). 

Recent work on wasters obtained front the Devon 
kiln site of Bovey Tracey (Owen et al. 2000) has 
identified three highly siliceous and aluminous 
sherds typical of true porcelain (Table 2). Two of 
these sherds are similar in composition with SiO- 
63%, Al 2 0 3 31%, K 2 0 3.8%, and Na 2 0 1.1 wt%* 
whilst the third is more siliceous and less aluminous 
with K 2 0 2.6 wt% and similar Na 2 0 content to the 
former two sherds. Compositionally all three are re¬ 
garded by Owen et al. (2000) as typical of so-called 
‘true porcelains.’ They further note that on the one 
hand these excavated sherds do not necessarily prove 
that they originated from Nicholas Crisp's concern at 
Bovey Tracey yet on the other hand these sherds 
compositionally match no other known British por¬ 
celains and furthermore show evidence of being un¬ 
finished or kiln damaged. From this they conclude 
that these wasters represent pastes fired, if not also 
mixed at Indeo House, Bovey Tracey. These workers 
state that it is difficult to establish whether there was 
a direct relationship between Nicholas Crisp's ‘true 
porcelain’ c. 1767 of the Indeo pottery, Bovey Tracey 
and that of William Cookworthy at Plymouth and 
Bristol. They conclude that the compositional dis¬ 
similarity between the Si-Al sherds recovered from 
Bovey Tracey and Cookworthy’s Plymouth/Bristol 
samples, coupled with the compositional heteroge¬ 
neity of both Crisp’s and Cookw'orthy’s ‘true porce¬ 
lains’ suggests that both individuals experimented 
with a variety of ‘true’ porcelain pastes. Recently 
Daniels (2007) has suggested that based on evidence 
contained in correspondence between Cookworthy 
and Thomas Pitt, there arc grounds for suspecting 
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Table 2. Oxide analyses for various porcelain bodies, glaze, and clay. 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

Si0 2 

63.5 

64.9 

68.1 

44.8 

74.1 

64.3 

61.8 

59.0 

70.0 

72.3 

63.42 

63.0 

82.6 

Ti0 2 

<0.2 


0.1 

0.01 



trace 

trace 





0.4 

ai 2 o 3 

19.5 

21.1 

11.7 

38.4 


21.7 

22.9 

30.6 


23.1 

30.75 

30.6 

8.3 

FeO 

0.3 


0.6 

0.04* 



0.02 

0.03 


0.4* 


0.5 

0.4 

MgO 

1.2 

1.3 

1.0 

0.03 

2.4 

1.7 

0.02 

0.02 


0.3 

trace 

0.3 

0.3 

CaO 

6.1 

5.6 

13.6 

0.06 

10.4 

5.6 

7.5 

5.0 

15.0 

0.3 

0.53 

0.3 

5.2 

Na,0 

4.2 

4.5 

2.2 

0.06 

8.3 

4.1 

7.7# 

5.3# 

15.0 # 

0.7 

3.64 

1.1 

0.5 

K 2 0 

3.6 

2.6 

2.2 

0.33 

4.8 

2.4 




3.0 

1.66 

3.8 

2.0 

P 2 0 5 

0.5 



0.02 








0.3 


PbO 

0.4 


0.4 










0.5 

Sn0 2 

trace 













LOI 




16.24 










Total 

99.3 

100.0 

99.9 

100.00 

100.0 

99.8 

99.94 

100.0 

100.0 

100.1 

99.98 

99.9 

100.2 


1. ‘A’-marked body (Freestone 1996: Table I. analysis 1) 

2. Average ‘A’-marked body (Ramsay et al. 2004a: Table IV) 

3. Glaze composition from an 'A'-markcd cup (Ramsay el al. 2003) 

4. Kaolinite clay, Macon County, NC (Ramsay et al. 2001: Table 1, analysis d) 

5. Glass frit used in firing analogue Bow first patent porcelain (Ramsay et al. 2004a: Table II) 

6. Analogue Bow first patent body (Ramsay et al. 2004a: Table IV) 

7. Theoretical Bow first patent porcelain body with 1 clay : I glass ratio (Ramsay ctal. 2001: Table 2) 

8. Theoretical Bow first patent porcelain body with 2 clay : I glass ratio (Ramsay et al. 2001: Table 2) 

9. Glass composition used in calculating the theoretical compositions 7 and 8 (Ramsay et al. 2001: Table 2) 

10. William Cookworthy hard-paste porcelain body made at Plymouth (Tile & Bimson 1991). The body is deduced to have 
been made entirely from china clay rock, i.c. one rock body - sec Wood and Cowell (2002) 

11. William Cookworthy hard-paste porcelain body (Wood & Cowell 2002). The body is deduced to have been made from 
a 50:50 mixture of washed kaolinite clay and less altered porcelain stone still rich in Na feldspar 

12. Bovey Tracey ‘true porcelain' sherd (Owen et al. 2000: Table IV, BT5) 

13. William Reid Si-Al-Ca sherd from Brownlow Hill, Liverpool (Owen & Hillis 2003: Table 1) 

* total iron as Fe ; 0 ; 

# combined Na,0 and K ; 0 
LOI loss on ignition 


that Crisp was firing hard-paste bodies using Chero¬ 
kee clay before Cookworthy. 

Based on excavated ceramic wasters from the 
lowest stratigraphical level from Warmstry House, 
Worcester Owen (1998) has identified abundant tan 
coloured Si-AI material (Si0 2 75.3%, A1,0 3 19.8%, 
TiO, 1.5%, KiO 1.7 wt%), which he tentatively 
equates with a type of high-firing ‘stone china.’ 
Owen (1998) comments that compositionally such a 
body presaged the development of British hard-paste 
porcelain by nearly two decades and the investiga¬ 
tion of various types of‘stone china' (sensu Into) and 
their relation to early hard-paste porcelains (sensu 
slricto ) would be a fruitful avenue of research. 

Wasters recovered from the Brownlow Hill site 
demonstrate that William Reid and Co. were experi¬ 


menting with three major recipe types namely, phos- 
phatic, Si-AI, and Si-Al-Ca bodies (Owen & Hillis 
2003). Visual examination of the analyses of the Si- 
Al-Ca sherds provided by Owen and Hillis (Table 1, 
Nos. B1T7, BH18, BH19, BH20) indicates that Wil¬ 
liam Reid was using a recipe comprising crushed sil¬ 
ica, ball clay (probably from Dorset or Devon), and 
mixed glass cullet (lead and calciferous-alkali glass) 
apparently in an attempt to replicate the Bow first 
patent specifications. Of note is that in these Brown¬ 
low' Hill sherds remnant relics of calciferous-alkali 
glass frit are not preserved in contrast to that for Bow' 
first patent porcelains (Freestone 1996; Ramsay et 
al. 2004a). Owen and Hillis (2003) suggest that this 
indicates that either the firing temperature was higher 
for the Brownlow Hill sherds than that required at 
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Bow or that calcite (limestone) was the main source 
of calcium. William Reid (as with Limehousc) re¬ 
placed refractory China clay with ball clay and the 
glaze used was a lead glaze. In the pure system 
Si0 2 -Al,0 3 -Ca0 (Osborn & Muan 1960) the theo¬ 
retical temperature for the composition of the meas¬ 
ured melt of the Brownlow Hill Si-Al-Ca sherds is 
1,400°C (Owen & Hillis 2003). However in this case 
the presence of additional fluxing agents will reduce 
the necessary vitrification temperature considerably, 
though as noted by Owen and Hillis, this effect can¬ 
not be quantified without experimental data. In the 
case of early Meissen porcelain the presence of very 
minor K.,0 (0.3wt%) and Na,0 (0.1 wt%) in the paste 
recipe w'as enough to lower this theoretical tempera¬ 
ture nearly 50°C (Schtille & Ullrich 1982, 1985; 
Kingcry 1986). 

Excavations from the Limehouse factory site in 
Duke Shore (Tyler et al. 2000) have recovered two 
compositional porcelain groups, namely Si-Al and 
Si-Al-Ca bodies (Freestone 1993; Owen 2000). 
Owen comments that the Si-Al group has a composi¬ 
tion and glaze comparable to true porcelains pro¬ 
duced in England some two decades after the closure 
of Limehouse. How-ever instead of the use of a China 
clay, the Limehouse proprietors relied on ball clay as 
deduced from the distinct presence of TiO, and a 
flint glass frit as indicated by the lead content in the 
analysis. Owen continues that such sherds are not 
unique as based on the personal correspondence of 
Richard Pococke in 1750, where he states that Lund’s 
Bristol produced a type of yellowish ware, termed 
‘stone china’ made from a pipe clay and flint-rich 
recipe. This ware in turn apparently finds its equiva¬ 
lent in compositionally and aesthetically similar 
sherds recovered from Warmstry House in Worcester 
(Owen 1998). 

Analytical results reported by Paul Bcmrose for a 
number of sherds recovered from an archaeological 
excavation at Pomona, Newcastle-under-Lyme (Bcm¬ 
rose 1973) showed that the samples fell into two broad 
divisions with one group of nine samples having ALO, 
contents of around 15wt%, CaO not in excess of 
lwt%, and modally the presence of the mineral mul- 
lite. Bcmrose describes this group in a table listing 
three of the analyses as proto porcelain but in the body 
of the text states that these wares were in reality a type 
of stonew'arc. 

A feature of this recent work on wasters recov¬ 
ered from Bovey Tracey. Brownlow Hill. Warmstry 
House, Limehousc, and Pomona is that relating to 
the presence of siliceous-aluminous-calcic (SAC) 


and siliceous-aluminous (SA) groups. The latter as¬ 
semblage, which tends to crystallise mullite 
(3AI 2 Ov2SiO,) rather than Ca plagioclase, has been 
regarded as representing ‘true porcelain’ (Owen & 
Hillis 2003; Owen et al. 2000). The resultant miner¬ 
alogy in the siliceous-aluminious group (presence of 
mullite) in turn reflects the starting materials uti¬ 
lized. Our view is that a range of compositions can 
arrive at a hard-paste body (Singer & Singer 1963), 
and that there is a degree of circular arguing for the 
presence of mullite to define a hard-paste body. By 
marginally increasing the Ca flux content in the body 
of the porcelain ware the bulk composition will mi¬ 
grate from the mullite field to the anorthitc field 
within the silica-mullite-anorthite compatibility tri¬ 
angle of the SiOj-ALOj-CaO phase diagram (Os¬ 
born & Muan I960). 

Although it has been suggested that John Dwight, 
working in the late 17 th century failed to manufacture 
porcelain (Tite et al. 1986; Hillis 2001) it might ap¬ 
pear that the body of his fine white stoneware or ‘por¬ 
celain’ (ALO, 11.6-18.0 wt% and K ; 0 2.24-5.35 
wt%) fell within the compositional range of yingqing 
porcelains of the Yuan Dynasty (Tite et al. 1986). with 
both tridymite and mullite recorded. Likewise firing 
temperatures for Dwight’s white stoneware have been 
estimated by Tite and co-workers to have been in ex¬ 
cess of 1,200°C and for two samples (FP20 and FP27) 
possibly greater than l.250°C. Whilst Dwight may 
have experienced problems applying low-temperature 
glazes the implication drawn is that lie did produce a 
high-fired, translucent body, though not in commer¬ 
cial quantities. 

Bow first patent porcelains 

In 1937 a small coherent group of hitherto unattrib¬ 
uted porcelains, called the ‘A’-marked group on ac¬ 
count of the typical presence of an ‘A,’ either 
inscribed or painted on the base of most items, was 
recognised (Elliot 1939). Arthur Lane (1958) in dis¬ 
cussing this enigmatic ceramic group noted that 
members appeared to have contained some kaolin 
clay, that the glaze was close-fitting, the body had a 
modified conchoidal fracture and was harder in com¬ 
position than English soft-paste porcelains and softer 
than hard-paste German wares. Lane tended to an 
Italian attribution for this group, however he noted 
that the ‘A’-marked group pieces differed considera¬ 
bly from any of the identified Italian porcelains in 
the fineness of their potting. 
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In 1971 Charleston and Mallet published a semi¬ 
nal work on this porcelain group. Here they recog¬ 
nised and described twenty eight ‘A’-marked items 
as well as providing a partial chemical analysis of the 
body of a so-called high-style decorated teapot from 
the collections of the Victoria and Albert Museum 
(V&A C207-1937). Possibly the most significant 
contribution that arose out of Charleston and Mal¬ 
let’s work was the proposal that the group was of 
British origin, not Continental, based in part on the 
depiction of a cricket scene contained within one of 
four vignettes contained on a covered sugar bowl 
now housed in the Melbourne Cricket Club Museum 
(Ramsay et al. 2004b). Additional support for an 
English origin of this group is to be found in the 
presence of numerous scenes taken from the English 
operetta Flora by John Hippisley and first performed 
in April 1729. Based on the chemistry of the porce¬ 
lain body Charleston and Mallet (1971) note that if 
the porcelain material produced under the 1744 Bow 
patent of lleylyn and Frye was a kind of modified 
hard-paste, then its formula might have borne some 
resemblance to that of the ‘A’-marked group of 
porcelains. 

Subsequent work by the Ramsays and co-work¬ 
ers (Ramsay & Ramsay 2006; Ramsay et al. 2001, 
2003, 2004a,b, 2006), largely based on the ceramic 
patent filed in London in December 1744 by Edward 
lleylyn and Thomas Frye, has both recognised the 
products of this patent as being the hitherto enig¬ 
matic ‘A’-marked group and has proposed that this 
patent document represents an unrecognised land¬ 
mark in the history of Anglo-American porcelain de¬ 
velopment. A key feature of the patent specification 
is the description and location of the material or earth 
used in the manufacture of the porcelain body and its 
associated glaze. These specifications state that the 
earth, or uneka, is the produce of the Chirokee (sic) 
nation in America, being very fixed, strongly resist¬ 
ing fire (refractory) and menstrua (dissolution), is 
extremely white, tenacious, and glittering with mica. 
The patent specification then Continues requiring the 
earth to be washed and the associated sand (quartz 
grains) and mica, being of no use, to be removed 
(Table 2). 

Based on the wording of the Heylyn and Frye 
1744 patent, analogue first patent porcelains have 
been fired using refractory Cherokee clay (Ramsay 
et al. 2001, 2004a) and as a result of the high kiln 
temperatures recorded during the firing of these ana¬ 
logue wares, coupled with the physical properties 
and micro-texture of the resultant porcelain body, it 


has become apparent that such porcelains are hard- 
paste and not soft-paste (Table 2). These results sup¬ 
port the observations of Daniels (2007) who is the 
first to recognise the link between the Vincennes 
Privilege signed on 24 July, 1745 and ‘A’-marked 
porcelains. This privilege provides a time-marker for 
Bow first patent porcelains because by this date there 
is reference made to these inferred ceramics by the 
French, who had recognised their superior composi¬ 
tion which, in contrast to their own soft-paste wares 
and that of Chelsea could alone compare with Meis¬ 
sen porcelains. 

Bow first patent porcelains as hard-paste 

Based on our observations and the firing of analogue 
Bow first patent porcelains we list the key features 
that lead us to the notion that the products of the 
1744 patent of I leylyn and Frye are hard-paste. 

Composition with 50% or more refractory China clay. 
Based on the 1744 patent specifications the body of 
Bow first patent porcelains comprises 50% or more 
refractory clay (...strongly resisting fit e). Both from 
the description provided in the patent (white, tena¬ 
cious. and glittering with mica) coupled with the loca¬ 
tion of where the clay was most likely sourced by the 
Bow proprietors in Macon County, North Carolina 
(Ramsay et al. 2001) it is possible to ascertain that the 
clay or uneka utilised in the Bow first patent was a re¬ 
fractory China clay (Table 2). Other workers to vari¬ 
ous extent have also concluded that the clay referred 
to in the 1744 patent or as found in the body of ‘A’- 
marked wares, the products of this patent, is a China 
clay (Binns 1898; Dillon 1904; Hurlbutt 1926; Lane 
1958; Freestone 1996). Contemporary documents of 
the day which state that there was a ceramic concern 
producing porcelain using China clay or interested in 
the use of clay from the Carolinas include the 1744 
patent itself, the letter dated 27 July, 1745 by William 
Cookw'orthy to his friend Dr Richard I lingston, and 
the account by Dossie (1758). More recently, corre¬ 
spondence dated 14 December, 1744 (one week after 
the Bow first patent was filed) refers to the patent it¬ 
self, Aldermen, China ware, and fine earth from Caro¬ 
lina (Bridge & Thornton 2006). 

Iligh-firing composition. Ramsay ct al. (2004a) have 
demonstrated that analogue Bow first patent porce¬ 
lains fired using China clay from the Carolinas and a 
lime-alkali glass flux in a ratio of 1:1 are high-fired 
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with a ‘heat-work’ level of Orton cone 9-90° deflec¬ 
tion at 150° per hour (~1,279°C). We suggest that 
where the percentage of China clay is increased to a 
2:1 mix (Table 2), as stated as a possibility in the 1744 
patent, the required threshold temperature would in¬ 
crease and may exceed 1,3()()°C. Patent specifications 
state that up to 80 wt% clay may be used while chemi¬ 
cal analysis of porcelain bodies obtained from various 
‘A’-marked examples to date demonstrate that the 
China clay component may reach ~70 wt% of the 
body. Consequently it is reasonable to assume that the 
attendant firing temperature was higher for those bod¬ 
ies with >50 wt% clay than that recorded for the ana¬ 
logue body with a 1:1 clayiglass mix. It is this 
high-firing feature (>1.250°C) more than any other 
that characterises Bow first patent porcelains and de¬ 
fines them as hard-paste. This aspect finds parallels 
with the claims by Thomas Briand of February 
1742/43 made before the Royal Society of London. 

Introduction of an amorphous Jinx. As with Meissen 
porcelain. Bow first patent porcelains have a biaxial 
composition comprising two end members. With Meis¬ 
sen the calciferous flux was initially calcined alabaster 
but by around 1721 a potassic flux in the form of 
ground orthoclase was introduced. In the case of Bow 
first patent porcelain the flux comprised an amorphous 
crushed lime-alkali glass cullct (Table 2). We have in¬ 
ferred that with time the Bow proprietors appear to 
have commenced buying in bulk lots of second hand 
cullet based on the very low lead levels found in one or 
two members of Bow first patent wares (Ramsay ct al. 
2004a). This suggests to us that during the sorting 
process minor amounts of lead glass (flint glass) were 
inadvertently added. The traditional European view is 
that porcelains containing a glassy frit must as a conse¬ 
quence be soft-paste, however we contend that this 
view involves circular arguing (Ramsay & Ramsay 
2006) and it is largely of little consequence whether the 
flux is added in a crystalline or non-crystalline (amor¬ 
phous) form. What is of more significance in defining 
whether the porcelain body is a soft- or hard-paste are 
the other components, be they a low-firing ball clay or 
marl ora high-firing refractory China clay. 

Biaxial composition and resistance to thermal stress. 
Based on the work of Kingcry and Vandiver (1986) 
and the specifications contained in the 1744 patent we 
conclude that Bow first patent porcelains, as is the 
case with Meissen porcelain, have a biaxial composi¬ 
tion. With Bow this is a refractory China clay and 
lime-alkali glassy frit or crushed cullet lacking any ap¬ 


preciable amount of, if any, added frec-silica. Hence 
on theoretical grounds discussed above coupled with 
data obtained from analogue first patent porcelains, it 
can be demonstrated that these wares are resistant to 
rupture during rapid temperature changes. 

Mineralogy. The bulk composition of Bow first patent 
porcelains plots within the silica-mullite-anorthite 
compatibility triangle in the system Si0 2 ALO, CaO 
(Osborn & Muan 1960). This general Bow composi¬ 
tion comprises SiO : ~ 71 wt%, ALO, ~ 22%, CaO ~ 
7% (Table 2) as compared with early Bdttgcr porcelain 
with SiOi ~ 63 wt%. ALO, ~ 31 %, CaO ~ 6 % (Kingery 
1986). Studies on the mineralogy of a Bow first patent 
body (Charleston & Mallet 1971; Freestone 1996) and 
an analogue body of Bow first patent porcelain (Ram¬ 
say et al. 2004a) have recognised the presence of Ca 
plagioclasc and glass lacking mullite. Although mullite 
is traditionally regarded as a key indicator mineral of 
‘true’ hard-paste porcelains (Kingery 1986; Owen & 
Millis 2003; Owen et al. 2000) our view, as noted 
above, is that hard-paste porcelains can be arrived at 
via a number of compositions and minor variations in 
bulk composition and firing conditions can result in 
the crystallisation ofCa plagioclasc. If necessary qual¬ 
ifiers can be attached to these various porcelain types 
such as Bottgcr hard-paste (Si-AI-Ca) porcelain (Men- 
zhausen 1990) where mullite is the key mineral, or 
Bow hard-paste (Si-AI-Ca) porcelain where Ca plagi- 
oclase dominates. 

Presence of a high-firing Si-AI-Ca glaze. From the 
wording of the 1744 patent Ramsay ct al. (2004a) 
have concluded that Ilcylyn and Frye fired their por¬ 
celains in a two-step process. The first stage was to a 
porous biscuit body (~900°C). This was then glazed 
using the same components as the body but having a 
greater percentage of lime-alkali glass and both the 
Si-AI-Ca body and glaze were then fired to the top 
temperature to achieve a close fitting matt- to wet¬ 
looking glaze. As noted by Hurlbutt (1926) and con¬ 
firmed by Ramsay et al. (2004a) Heylyn and Frye 
were apparently using the glaze as a crude but effec¬ 
tive optical pyrometer. This feature of firing the body 
and the glaze together finds parallels with Meissen 
and is distinctly different from the methods used by 
both the French and English in firing the glaze for 
soft-paste porcelains. In addition the glaze used in 
Bow first patent wares is lead-free, another feature in 
accord with Meissen composition and technology. 

Professor Nigel Wood (written com., 2005) makes 
a significant comment that one of his research students 
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has been working on crystalline glazes (high-zinc) and 
has tested a range of mixtures of China clay and lime- 
soda glass to make what Wood describes as a mid-tem¬ 
perature glaze. Apparently this student obtained good 
results at 1,170°C with a recipe of 70 glass : 30 clay 
and at 1,200°C this glaze became well matured. Wood 
also notes that the 1744 patent gives a number of body 
recipes but one glaze recipe alone. This suggests to 
him that unlike the Cookworthy patent, which was def¬ 
initely a low-bisc, hard-glost process, the 1744 patent 
proposed several high-firing body recipes but one 
lower temperature glaze recipe, ic one glaze recipe fits 
all. We note that firstly the patent wording states, 

It is then to be dipt into the following glaze:- 

Take unaker forty pounds.and left of 

a proper thickness for the ware to take up a suffi¬ 
cient quantity. When the vessels, ornaments, &c, 
are dry, put them into the kiln in cases, burn them 

with a clean wood fire. 

From this quote we infer that the various wares 
were still porous after an initial low-biscuit firing when 
they were dipped in liquid glaze {...take tip a sufficient 
quantity). When firing analogue 1744 patent wares 
(Ramsay et al., 2004a) we observed that it was difficult 
to get the glaze to stick to the unglazed, high-fired, por¬ 
celain surface. Likewise Burton (1921) comments in 
regard to William Cookworthy’s method of glazing his 
hard-paste porcelains, 

I Ic tried to adopt the Chinese method in coating 
the porcelain with glaze before any firing, but he 
remarks that it is very difficult to distinguish the 
proper thickness of the coat of glaze in this way, 
and he preferred to bake the shaped pieces to a 
soft biscuit state, so that they would suck (our 
emphasis), paint them with blue if required, dip 
them in the glazing mixture which readily dried 
on the biscuit ware and fire to an intense heat to 
vitrify the glaze. 

Secondly we note that the patent deals essentially 
with a I clay : 1 glass body and we infer that the glaze 
specifications refer to that body. Although the patent 
specifications do mention other possible clay : glass 
ratios for the porcelain body, these additional ratios to 
our way of thinking are written in a somewhat casual 
manner and there is no indication that the glaze speci¬ 
fications necessarily apply to these additional varia¬ 
tions in body composition. Lastly our glaze composition 
using Cherokee clay and a lime-alkali glass fully ma¬ 
tured at around l,280°C (cone 9). 

Microtexture. Church (1898) has argued for a dis¬ 
tinction between hard- and soft-paste porcelains 


based on the degree or retexturing and the growth of 
crystallites as a result of high-temperature kiln fir¬ 
ing. This degree of recrystallisation has been repli¬ 
cated in analogue Bow first patent porcelains (Fig. I). 
Here much of the primary texture has been obliter¬ 
ated except for remnant particles of lime-alkali glass 
cullet, now greatly modified in shape with prominent 
reaction coronae or rims containing crystallites of 
calcium plagioclase (anorthite ~An m ). These slender 
plagioclase crystallites represent metamorphic re¬ 
crystallisation involving reactions between the alu¬ 
minous kaolinite clay and the ground lime-rich glass 
cullet. Depending on the rate of quenching or cool¬ 
ing of the porcelain body after firing, we were able to 
reproduce various quench-textured products, whose 
morphology varied from fine crystallites to plumose 
structures representing in part the quench spherulites 
recorded by Church. 

Translucency and conchoidalfracture. Ramsay et al. 
(2004a) comment with regard to their firing of ana¬ 
logue Bow first patent porcelains, 

The finished glazed wares were 1.5 mm thick 
and extremely translucent, with a soft ice-green hue 
covered by a clear transparent glaze which displayed 
slightly coarse crazing. 

In addition these porcelains demonstrate a sub- 
conchoidal fracture. Although both the degree of trans¬ 
lucency and the presence of a sub-eonchoidal fracture 
do not in themselves necessitate a hard-paste body, 
these features are nevertheless in accord with other 
hard-paste porcelains. 

DISCUSSION 

A number of themes are combined in this account to 
support the contention that the earliest high-fired, 
hard-paste porcelains manufactured commercially in 
the English-speaking world were produced in east 
London at Bow during the period c. 1743 -1745 and 
not by William Cookworthy in Plymouth commenc¬ 
ing from 1768. Some early English ceramic w'rilcrs 
have recognised that early Bow may have been pro¬ 
ducing a type of hard-paste body, yet these observa¬ 
tions have received little recent comment. Tiffin 
(1874) staled that early Bow is sometimes of a hard- 
paste but it is uncertain which group of Bow wares 
he was referring to. Btnns (1898) both recognised 
that any wares made according to the 1744 specifica¬ 
tions would have contained an inferred China clay 
and those wares made using a higher proportion of 
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Fig. 1. Photomicrograph of porcelain body of analogue Bow first patent porcelain showing abundant calcium plagi- 
oclase crystallites (P) set in a colourless glassy matrix (Gl). Irregular blebs of a slightly darker glass representing relic al¬ 
kali-lime glass frit (G2) with associated reaction coronae of plagioclase crystallites. Plain polarised light, scale bar = 
approx. 4.0pm, after Ramsay et al., 2004a. 


this clay would have been harder than those contain¬ 
ing a lower proportion. Here we suspect that Binns 
was using the term ‘hard’ in a physical sense as re¬ 
lated to Moh's hardness scale rather than in the man¬ 
ner of a ‘hard fire’ as used by Brongniart. Both 
Dillon (1904) and Hurlbutt (1926) were of the opin¬ 
ion, based on their reading of the 1744 patent, that 
China clay was used in first patent Bow wares. Dil¬ 
lon (1904) moreover states that the use of this China 
clay preceded by some years the use of Cornish 
China clay. Thus by the end of the 19 th and the begin¬ 
ning of the early 20 ,h centuries there is contained in 
the English ceramic literature the recognition that 
any porcelains made at Bow during the mid 1740s 
would have contained refractory China clay, that the 
China clay used was not derived from Cornwall, and 
that these wares would have been ‘harder’ than more 
typical porcelains of that time. 

The patent specifications state that this clay com¬ 
ponent could vary between 50 - 80 wt% of the por¬ 
celain body. Our analytical results support this aspect 
of the patent and we have shown that for members of 
the group so far analysed, the China clay component 
ranges from 50 -70 wt% (Ramsay et al. 2001, 


2003, 2004b). In addition, the firing of analogue 
Bow first patent porcelains using 50 wt% China clay 
demonstrates that the resultant porcelain body is 
high-firing, resistant to thermal stress, and has a dis¬ 
tinctly recrystallised and retextured micro-texture 
with abundant crystallites of the mineral calcium 
plagioclase (~An vn ). Both the body and glaze are of 
the high-temperature Si-AI-Ca type and from our 
reading of the patent specifications we have con¬ 
cluded that body and glaze were fired together to the 
top temperature with the glaze being used by the pro¬ 
prietors as a crude but effective optical pyrometer. 
Lane (1958) observed that members of the ‘A’- 
marked group appeared to contain some kaolinite 
clay a feature confirmed by Freestone (1996). 

In contrast to the numerous and voluminous pub¬ 
lications on Meissen porcelain, these Bow first patent 
porcelains have not received the full attention they de¬ 
serve since they were first recognised in 1937 as com¬ 
prising a coherent and identifiable group of ceramic 
wares. Numerous reasons as to why this quite extraor¬ 
dinary group of porcelains has been partially margin¬ 
alised for so long present themselves (Ramsay & 
Ramsay 2007a), not the least being the manner in 
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which the Heylyn and Frye ceramic patent of 1744 has 
for over a century been misunderstood misquoted 
and underestimated (Ramsay et al. 2006). 

We suggest that the use of such terms as ‘true’ 
hard-paste, hybrid hard-paste, and frit porcelain has 
also tended to obscure the full significance of Bow 
first patent porcelains. In the case of‘true’ hard-paste 
we contend that the composition reflected by this 
term, namely kaolinite clay and a feldspathic flux, 
provides a false impression of the wide ranging reci¬ 
pes used in the Orient in producing high-fired hard- 
paste porcelains. Whilst this recipe does correctly 
reflect the nature of the raw materials used at Jin- 
gdezhen during the 17 th , 18 th , and 19 ,h centuries, such 
a composition is at variance with many other recipes 
and starting materials used in northern and southern 
China as well as in Korea and Japan. Moreover this 
idealised composition is not in accord with the recipe 
initially employed by Bottger at Meissen (Colditz clay 
and calcined alabaster) in the production of Europe’s 
earliest hard-paste porcelains. In other words a hard- 
paste body can be derived using more than one recipe 
(Singer & Singer 1963). Likewise the term hybrid 
hard-paste that Lane (1958) applied to the ‘A’-marked 
group of porcelains may possibly be less than helpful. 
Hillis (2001) states that the porcelain made at New 
Hall from 1781 was not true hard-paste. Hillis de¬ 
scribes such porcelain as a hybrid type in that it em¬ 
ployed the basic hard-paste raw materials but used the 
usual Staffordshire sequence of a high-temperature 
biscuit firing followed by a lower temperature glaze 
firing using a lead glaze. Hillis notes that the New 
Hall potters had modified the traditional hard-paste 
formula so that transluccncy could be achieved at 
lower firing temperatures (~1.200°C), which would 
accept a lead glaze fired in the region of 1,I00°C 
without crazing. He speculates that the addition of 
free-silica and fluxes to the paste may have achieved 
this. This description of hybrid hard-paste does not ac¬ 
cord with the specifications contained in the 1744 pat¬ 
ent. In the case of frit porcelain Ramsay and Ramsay 
(2006) suggest that this term is possibly associated 
with an element of circular arguing. Whilst numerous 
sofi-paste French and English porcelains do have 
glassy frit added as an important component, the use 
of glassy frit in itself docs not automatically result in a 
soft-paste body. 

A further reason why these Bow first patent por¬ 
celains have tended to be overlooked is reflected in the 
dominant role ascribed to Chelsea over many years in 
regard to the quality of its soft-paste, the high standard 
of decoration and moulding, the assumption based on 


the presence of dated goat-and-bee jugs that Chelsea 
was the earliest commercial concern in Britain (San- 
don 1989). the notion that of all the mid 18 ,h century 
English factories Chelsea porcelain alone could bear 
favourable comparison with Meissen (Hobson 1905; 
Hurlbutt 1926; Legge 1984; Dragesco 1993; Spero 
2006), and the view' that in some way Chelsea acted as 
a role model for a short period of time for other porce¬ 
lain concerns (Sandon 1989). In addition it has gener¬ 
ally been proposed that Chelsea specialised in the 
luxury end of the market when compared with Bow 
(Fisher 1965). These collective concepts have added 
weight and support to the belief that Chelsea alone 
was the pre-eminent concent of the mid 18"' century 
in Britain (Nightingale 1881) and consequently the 
significant achievements of the Bow manufactory and 
its proprietors have been overshadowed, if not over¬ 
looked. Likewise Joan Bennett (written com. 2006) 
has made the subtle yet pointed observation that be¬ 
cause Bow was located in the cast end of London this 
might have subconsciously impinged negatively on at¬ 
titudes for many years. Possibly it has been the lack of 
a convincing attribution for this highly significant 
group of Bow porcelains, which more than anything 
has lead to a perceived reluctance to place these wares 
in the context of British porcelain development. As a 
consequence of a lack of a hitherto unequivocal attri¬ 
bution, these hard-paste porcelains have been unable 
to assume their rightful place in the history of Anglo- 
American ceramic evolution and hence the achieve¬ 
ments of the Bow r manufactory and its proprietors 
have not have been fully appreciated. Lastly we turn to 
the patentees themselves, Heylyn and Frye, who 
clearly regarded their specification as representing a 
hard-paste formulation. In their patent application, 
which was filed on 6 December, 1744 and affixed 
with the Great Seal of Great Britain, they state, 

.which Invention we, the Petitioners, appre¬ 
hend would be of vast advantage to the kingdom, 
as it would not only save large sums of money 
that were yearly paid to the Chinese and Saxons, 

but also intploy large numbers. 

As noted by Daniels (2007: 82) no mention is 
made of any large sums paid to the soft-paste manu¬ 
facturers of France. 


CONCLUSIONS 

We contend that the Bow porcelain manufactory was 
producing commercial Si-AI-Ca hard-paste porce¬ 
lains demonstrating remarkable compositional and 
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artistic expertise by at least 1743. These porcelains 
are in our opinion the only porcelains manufactured 
in Great Britain during the mid 18 ,h century that can 
bear favourable comparisons with Meissen porcelain. 
This claim is based on the use of a refractory China 
clay, the method of firing the Si-Al-Ca body and 
glaze, the physical properties of the resultant hard- 
paste body, and the astonishing level of decoration 
lavished on these porcelains. This decoration drew ar¬ 
tistic inspiration from the Orient. Meissen, Greek my¬ 
thology, fables, the London theatre, and children’s 
pastimes after works by Hubert Francois Bourgui- 
gnon called Gravclot. In contrast to the extensive lit¬ 
erature on Meissen, the significance of these seminal 
Bow first patent porcelains has largely been over¬ 
looked for the last 260 years with the possible excep¬ 
tion of the French, who by mid 1745 recognised the 
superior compositional quality of these ceramics 
(Daniels 2007). We draw attention to the pioneering 
publications on this group by Lane (1958), Charles¬ 
ton and Mallet (1971), Mallet (1994), and Freestone 
(1996), which collectively have provided the founda¬ 
tions for our current research. Finally we note that in 
many instances compositional features of English 
porcelains have for too long been overlooked in fa¬ 
vour of more subjective discussions on shape, mould¬ 
ing, glaze and body appearance, and decoration. 

We conclude that it now may be necessary to re¬ 
evaluate our previous understanding of the Bow por¬ 
celain manufactory and its place in English ceramic 
history. This concern commercialized the first Si-Al- 
Ca hard-paste body in Britain and also developed the 
remarkable bone ash recipe, which continues today 
in its modified form known as English bone china. 
Moreover, current research (Ramsay & Ramsay 
2005, 2007a,b; Daniels 2007) has established that 
Bow may have pioneered the use of a high-magne¬ 
sium (stealitic) body. Consequently we suggest that 
it may no longer be appropriate to dismiss a Bow at¬ 
tribution merely on the presence of a high-magne- 
sium body. Likewise based on the writings of Simeon 
Shaw (1837) there is the possibility that Bow may 
have early in its history employed a silica sand, 
ground cullet, and ball-clay recipe with a lead glaze 
and any such existing products are likely to have 
been confused for many years with Chelsea triangle 
period, Longton Hall, orGirl-in-a-Swing [St. James’s 
Factory of Charles Gouyn (Dragesco 1993)] porce¬ 
lains. Research in this direction is continuing. In ad¬ 
dition this concern adapted a remarkable range of 
exotic and indigenous decorative elements, the first 
to cater for the luxury-end of the market, the first to 


employ slip-casting techniques in porcelain output, 
demonstrated a dazzling level of entrepreneurial at¬ 
tainment, and the first to produce commercial hard- 
paste porcelains, whose compositional and artistic 
stature sets this manufactory apart from all other mid 
18 ,h century English rivals and which alone can com¬ 
pare with Meissen, the yard-stick of European 
porcelains. 

It is apparent that over the last five or six years a 
remarkable revolution in our understanding of the 
birth of the English porcelain industry has been in 
progress. Central to these developments is the role of 
The Royal Society of London (Daniels 2007), the ve¬ 
racity of the 1744 patent (Ramsay ct al. 2006) the 
pioneering position of the Bow manufactory in early 
English porcelain experimentation and development 
(Daniels 2007; Ramsay & Ramsay 2007a), and the 
brilliant Bow first patent hard-paste porcelains 
whose significance to the Anglo-American porcelain 
industry has hitherto been largely overlooked. 
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CLASSIFICATION AND MANAGEMENT ISSUES OF ESTUARIES IN 
WESTERN VICTORIA, AUSTRALIA 
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Sherwood, J., Mondon, .1. & Fenton, C., 2008. Classification and management issues of estuaries 
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Geomorphic properties have been used to group 46 west Victorian estuaries into three types. Two 
seasonal surveys of the estuaries during autumn low flow and winter high flow conditions investigated 
water quality. Anoxia is relatively uncommon in deeper waters of the estuaries and the w ater column was 
as likely to be stratified as well mixed in both low and high flow periods. The estuaries are cutrophic with 
the majority (> 60%) exceeding ANZECC (2000) default trigger values for Total N and Total P, NOx and 
FRP. Nutrient concentrations showed no correlation with catchment characteristics (population density, % 
agriculture and % nature conservation) suggesting that high nutrient concentrations may be due to internal 
loading. Ratios ofTN:TP showed the estuaries are predominantly P limited - opposite to the pattern found 
in most estuaries. Whether this is because denitrification (dominant in other estuaries) is not a significant 
process under low flow' conditions requires further investigation. Under high flows it is also possible that 
residence times are too short for modification of the nutrient ratios in catchment runoff. The estuary en¬ 
trances close intermittently. Climate change and increased diversion for human needs may increase the 
duration and frequency of closure with implications for environmental flow needs of these systems. 

Key words: stratification, nutrients, geomorphology, estuary entrance, biogeochemistry. 


ESTUARIES are semi-enclosed coastal bodies of 
water where salt water from the open sea mixes with 
freshwater draining from the land (NLWRA 2002). 
They lie at the interface between marine, freshwater, 
terrestrial and atmospheric systems, and form an in¬ 
tegral part of the coastal zone. They comprise some 
of the most dynamic ecosystems on earth (Edgar & 
Barrett 1999). Consequently the flora, fauna and 
habitats of estuaries arc of great scientific, aesthetic 
and commercial interest. The quality of coastal wa¬ 
ters is inextricably linked to inputs from the land, and 
estuaries and their catchments are the main conduits 
for contaminants entering the coastal zone. Estuaries 
naturally protect the quality of coastal waters by di¬ 
luting, filtering and settling out sediments and ex¬ 
cess nutrients (Tagaza 1995). Estuarine sediments 
and waters arc therefore the ultimate repository for 
much of the urban, industrial and agricultural con¬ 
taminants entering the coastal waterways. 

Victoria is Australia's most densely populated 
state with an estimated 80% of its citizens living on 
the coast (VCC 2002). Estuaries in western Victoria 
are subjected to rapidly increasing pressures due to 
their attraction as places for settlement and recrea¬ 
tion. Coastal zone development brings with it signifi¬ 
cant environmental risks. Estuary management in 
western Victoria has a high priority in regional strate¬ 


gic planning. This has been identified in the Western 
Coastal Board’s Coastal and Marine Planning Pro¬ 
grams for South Western Victoria (Harty 2001) and 
by Catchment Management Authorities (CMAs; 
GHCMA 2003, CCMA 2003). To date estuaries have 
suffered a lack of integrated planning and manage¬ 
ment that has led to an ad hoc and individualistic ap¬ 
proach to their management as a regional resource 
and asset. 

Management of estuaries within the coastal 
zone requires conceptualising the whole coastal 
zone as a unified single system rather than a series 
of separate independent units encompassing a river, 
ocean and catchments. Further, it requires an un¬ 
derstanding of how an estuary functions: the phys¬ 
ico-chemical processes such as water exchange, 
nutrient cycling, sedimentation and their impacts 
on biological communities. 

The National Land and Water Resources Audit 
has compiled information on 30 of the (generally 
larger) western Victorian estuaries as part of a na¬ 
tional audit (NLWRA. 2002). The estuaries have 
been grouped as wave-dominated estuaries and the 
general processes operating in such systems have 
been described. Smaller estuaries are not included. 
These smaller estuaries together represent an impor¬ 
tant habitat for many species and collectively are 
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Fig. 1. Western Victoria showing the location of the 46 estuaries identified between the South Australian border and 
Point Lonsdale. The proximity of some estuaries does not allow them to be resolved in the figure. 


important State assets individually valued by their 
local communities. Little is known about them. 

In 2002 the Western Coastal Board commissioned 
Deakin University to investigate all estuaries within the 
Glenelg-1 lopkins and Corangamitc Catchment Manage¬ 
ment Authority regions (Fig. 1). The regions’ coastline 
extends from the Barwon River at Geelong to the Glenelg 
River at the South Australia-Victoria border. The study 
analysed various catchment characteristics as well as 
water quality parameters and biological characteristics of 
the estuaries. For some estuaries this was the first data 
collected on them. We report here some results of the 
audit. Further information is held by WCB (Mondon et 
al. 2003). We have developed a classification scheme for 
the estuaries and identified management issues related to 
eutrophication and entrance management. 

METHODOLOGY 

The methodology for this study is broadly based on 
that used for an assessment of the conservation sig¬ 


nificance of Tasmanian estuaries (Edgar & Barrett 
1999). 

Catchment Characteristics and Land Use 

All catchment properties with the exception of estu¬ 
ary length were obtained from published sources or 
GIS databases. Catchment areas for the estuaries 
were determined using a combination of computer¬ 
ised (ArcView: HEC-PrePro V.20) and manual delin¬ 
eation techniques. 

The position of the mouth of each estuary was 
defined as the location of the midpoint of the estuary 
at the intersection with the coastline. Published maps 
and GIS data al 1:25000 scale, were used to detect 
the position of each estuary mouth. The length of the 
major river of each estuary was calculated in a GIS 
by determining the longest length of continuous lin¬ 
ear features in each catchment. The upstream limit of 
an estuary is defined here as the point at which there 
is an absence of saltwater. Previous research on some 
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of the larger estuaries has established the upstream 
limit of the estuary. For smaller estuaries, and those 
vvith little documented research available, topograph¬ 
ical maps (1:25000) were used to determine where 
the first contour (5 m) intersected the riverbank. The 
presence of weirs and other obstructions to the movc- 
nient of saltwater upstream, were also taken into ac¬ 
count when determining the potential upstream limit 
of the estuary. 

Land use compiled by the National Land and 
Water Audit was grouped into the following 
classifications: 

- Nature conservation ■ all National Parks and 
State Flora and Fauna Reserves; 

- Forestry - timber harvesting; 

- Agriculture - dryland agriculture, irrigated agri¬ 
culture and livestock grazing; 

- Urban - cities and towns (the built environment); 

- Other - includes minimal use areas, mining 
leases, other protected areas including indige¬ 
nous uses, waterbodies not elsewhere classified 
and areas for which there w r as no data. 

There arc substantial areas under recently estab¬ 
lished plantation forestry that would not have been 
recorded in the National Land and Water Audit fig¬ 
ures, particularly within the Glcnclg Hopkins CMA 
region. 

Estuary Entrance State 

Thirty-six volunteers monitored twenty-six estuaries 
over a period of up to ten months from February 
2002 - October 2002. Each team of volunteers moni¬ 
tored water levels and water condition at least twice 
a week, or daily (if possible) after a mouth opening, 
until the water level stabilised. Direct measurements 
of the “distance to the water” from a set mark on a 
bridge or jetty were recorded in a diary, in addition to 
observations on whether the mouth was open, closed, 
or waves were breaking over the bar (if present). Col¬ 
our, clarity and smell of the water were noted, in ad¬ 
dition to extreme meteorological events and other 
‘unusual’ observations. 


Field Sampling 

Water samples and physicochemical profile data were 
collected over a seven-month period (March 2002 - 
September 2002) from up to three sites (stations) 
within forty-six estuaries along the Western Victorian 


coast (Table 1). Two estuaries in the Otways region 
(Blanket Bay and Stony Creek) were inaccessible 
during ei ther one or both sampl ing seasons respectively. 
The Merri River has two entrances, Rutledges Cutting 
(Mcrri River west entrance) and Merri River (east 
entrance). Both estuary arms were sampled and treated 
independently. Since the 2002 survey two additional 
estuaries have been identified: 

• a small stream in Sandy Bay, Childers Cove; 

• an unnamed estuary nearYambuk. 

These estuaries are not considered here as no 
data is available for them. 

Sampling was conducted once during the low 
flow autumn period (February - April) and once dur¬ 
ing the high flow winter period (August and Septem¬ 
ber). In some cases estuaries were not sampled, 
commonly because they were dry or access was not 
possible. Rainfall over the survey period was below 
long term monthly averages (Bureau of Meteorol¬ 
ogy). Warmambool, Colac and Geelong all recorded 
annual rainfall approximately 70% of normal. The 
autumn and winter surveys were conducted in rela¬ 
tively low flow' conditions but despite this winter 
flows w'ere sufficient to remove all salt water from 
15 of the 46 estuaries. 

Three sample sites were selected between the 
mouth and mid-way along the estimated maximum 
extent of the estuary: 

Site 1 Within 200-350 m of the estuary entrance; 
Site 2 Approximately half-way between sites 1 and 3; 
Site 3 Approximately midway along the estuary. 

Short estuaries (less than 0.5 km) were sampled 
at a single site midway along their length. 

Salinity, dissolved oxygen (DO) and temperature 
profiles were measured at mid-channel using a Yel¬ 
low Springs Instrument Co. YSI 610-D meter. Water 
samples for nutrient analysis (total nitrogen (TN), 
total phosphorus (TP), filterable reactive phosphorus 
(FRP), the sum of nitrate and nitrite ion concentra¬ 
tions (NOx) and total suspended solids (TSS), were 
collected mid water column where the water column 
was mixed. If a halocline w'as present water samples 
were collected mid freshwater layer and mid saltwa¬ 
ter layer using a Wildco horizontal sampler, pi I was 
measured on in the field using a WTW 3301 meter. 
Water samples were analysed in Deakin University's 
NATA accredited laboratory using standard methods 
(APHA 1995). 
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Table 1. Characteristics of West Victorian catchments and their estuaries. 


Estuary 

Longitude* (E) 

Latitude* (S) 

Catchment 
Area (km 2 ) 

Pop. Density 
(knr 2) 

Estuary 
Length (km) 

Glenelg River 

140° 59’18” 

38° 03’36” 

12,363 

1.11 

70 

Fawthrop Lagoon 

141° 36'42” 

38° 21’06” 

135 

71.4 

2.0 

Surrey River 

141° 42’06" 

38° 15’39” 

355 

1.12 

10 

Fitzroy River 

141° 51'13” 

38° I5’50” 

1,435 

1.19 

13 

Eumeralla River - Lake Yambuck 

142° 02’35” 

38° 20’22” 

874 

0.27 

7.8 

Moyne River - Belfast Lough 

142° 14'57" 

38° 23’23” 

797 

3.29 

6 

Merri River - Rutledges Cutting 

142° 2 1 '49” 

38° 21 ’05” 

1,013 

0.72 

2.8 

Merri River - East 

142° 28’10” 

38°24’13” 

1,013 

0.72 

1.5 

Hopkins River 

142° 30'24" 

38° 24’14” 

9,009 

1.10 

9.5 

Curdies River - Curdies Inlet 

142= 52’46” 

38° 36’36” 

1,124 

4.39 

16 

Port Campbell Creek 

142° 59'26" 

38° 37’14” 

83 

5.77 

2.8 

Sherbrook River 

143° 03’19" 

38° 38’41” 

35 

1.64 

2 

Gellibrand River 

143° 09’19” 

38° 42'28” 

1.184 

1.07 

7.8 

Joanna River 

143°23’16" 

38° 46’12” 

40 

1.14 

2.4 

Aire River 

143° 27’32” 

38° 48’30” 

280 

0.99 

7.6 

Parker River 

143° 33'36" 

38° 50’48” 

35 

0.80 

0.25 

Blanket Bay Creek 

143° 34’55” 

38° 49’40” 

5.2 

2.29 

0.12 

Stony Creek - Otways 

143° 35’45" 

38° 48’46” 

3.6 

1.69 

0.12 

Elliot River 

143° 37’07” 

38° 47’44” 

6.0 

2.52 

0.12 

Barham River 

143° 40’28" 

38° 45’52” 

79 

5.12 

2.2 

Wild Dog Creek 

143° 41’03" 

38° 44’13” 

20 

2.16 

1.0 

Skenes Creek 

143° 42’35” 

38° 43’37” 

18 

2.97 

0.25 

Petticoat Creek 

143° 43’40" 

38° 43’09” 

4.1 

0.00 

0.12 

Brown River 

143° 44’15" 

38° 43’00” 

4.2 

1.20 

0.12 

Sugar Loaf Creek 

143° 47’44” 

38° 41’56” 

9.5 

0.00 

0.25 

Smythe Creek 

143° 45’42” 

38° 42’23” 

27 

2.84 

0.12 

Carisbrooke Creek 

143° 48’31” 

38° 41’41” 

12 

7.46 

0.30 

Grey River 

143° 50’19" 

38° 41’03” 

10 

2.59 

0.25 

Kennett River 

143° 51’ 13” 

38° 40’05” 

21 

1.31 

1.2 

Wye River 

143° 53’24” 

38°38’12” 

25 

1.26 

1.0 

Separation Creek 

143° 53’40” 

38° 37’55” 

8.9 

1.13 

0.3 

Jamieson River 

143° 55’07” 

38° 35'53” 

9.5 

2.63 

0.27 

Cumberland River 

143° 56’50” 

38° 34’42” 

38 

1.25 

0.40 

She Oak River 

143° 57’56” 

38° 34’06” 

13 

1.36 

0.13 

St George River 

143° 58’3I” 

38° 33’24" 

34 

7.19 

1.5 

Erskine River 

143° 58’42” 

38° 32’02” 

30 

12,5 

1.0 

Stony Creek - Lome 

143° 59’14” 

38°31’22” 

13 

41.9 

0.12 

Reedy Creek 

143° 59’50” 

38° 30’47” 

5.5 

2.53 

0.12 

Anderson Creek (Grass Creek) 

144° 01’49” 

38° 29’08” 

24 

1.98 

1.5 

Spout Creek 

144° 02’07” 

38° 28’38” 

6.9 

1.17 

0.12 


location of estuary entrance 
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Table 1 (continued). Characteristics of West Victorian catchments and their estuaries. 


Estuary 

Longitude* (E) 

Latitude* (S) 

Catchment 
Area (km 2 ) 

Pop. Density 
(knr 2) 

Estuary 
Length (km) 

Coalmine Creek 

144° 02'44” 

38° 28’25” 

3.9 

1.29 

0.13 

Moggs Creek 

144° 03’55” 

38° 28’13” 

12 

16.4 

0.85 

Painkalac Creek - Aireys Inlet 

144° 05’57” 

38° 28’14” 

61 

9.50 

3.25 

Anglesea River 

144° 11’28” 

38° 24’59” 

125 

19.4 

3.5 

Spring Creek 

144° 19’02" 

38° 20’42” 

57 

25.9 

4.0 

Thompsons Creek 

144° 22'32” 

38° 18’16” 

305 

24.6 

6.0 

Barwon River 

144° 29’42" 

38° 17’02” 

8,590 

11.2 

19 


* location of estuary entrance 


RESULTS AND DISCUSSION 

Geomorphic Classification of Estuaries 

Management of estuaries is simplified if groups of 
estuaries sharing common properties are recognised. 
Similar estuaries may be subject to similar threats and 
be subject to the same management strategies. Edgar 
and Barrett (1999) grouped Tasmanian estuaries as a 
first step to identifying representative estuaries hav¬ 
ing high conservation significance. We have used 
multivariate analysis to produce clusters of estuaries 
based on the following geomorphic characteristics: 

• Catchment area (log transformed) 

• Length of river main stem (log transformed) 

• Length of estuary (log transformed) 

• Estuary entrance type (sandbar or rock) 

• Estuary channel type (channelised ‘riverine’ or 
associated with substantial wetlands or lagoons) 
Log transformation of the numerical data is de¬ 
signed to reduce the influence of very large or very 
small values on the multivariate analysis. 

Inclusion of rainfall (as a surrogate for discharge 
- only 16 rivers had flow data available) had no ef¬ 
fect on the groupings. The characteristics of catch¬ 
ment area, entrance type and estuary channel type 
were the key parameters determining the estuary 
groups. 

The geomorphic classification scheme divided 
the estuaries into 3 major groups: 

Group 1 Permanently Open Estuaries. 

la Natural mouth (Barwon) 

lb Built entrance (Fawthrop Lagoon, Moyne) 


Group 2 Larger Rivers with Sand-barred Entrances. 
2a Rivers with moderate catchment areas (200 - 
1,200km-) and substantial wetlands or lagoon 
areas along estuaries (Aire, Curdies, Eumeralla 
(Yambuk Inlet), Gellibrand, Merri (Rutledges 
Cutting and east entrance), Thompson) 

2b Rivers with moderate to large catchment areas 
(350 - 12,4000km 2 ) and channelised estuaries 
lacking extensive wetlands or lagoonal areas along 
the estuary (Fitzroy, Glenelg, Hopkins, Surrey) 

Group 3 Small Rivers and Creeks with sand or rock 
barred estuaries (predominantly Otway streams). 

3a Small Rivers (catchment areas 20 - 125km 2 ) with 
sand-barred entrances and channelised estuaries 
typically I - 3km long (Anglesea, Barham, Cum¬ 
berland, Erskine, Joanna, Kennctt, Port Campbell, 
St George River, Shcrbrook, Spring, Wye) 

3b Small Rivers and Creeks (catchment areas 5 - 
60km 2 ) with sand-barred entrances and wetland 
or lagoonal areas along estuaries (Blanket Bay, 
Moggs, Painkalac, Parker, Wild Dog) 

3c Small Rivers and Creeks (catchment areas 4 - 
18km 2 ) with sand-barred entrances and chan¬ 
nelised estuaries less than 500m long (Coalmine, 
Jamieson, Petticoat, Reedy, Separation, Skencs, 
Spout, Stony Creek - Lome, Sugar Loaf) 

3d Small rivers and creeks (catchment areas 4 - 27km 2 ) 
with rock-barred entrances and channelised estuar¬ 
ies (Andersons, Brown, Carisbrooke, Elliot, Grey, 
She Oak, Smythc, Stony Creek Otways) 
Catchment areas range from 3.6 kin 2 (Stony 
Creek - Otways) to 12,363 km 2 (Glenelg) with the 
larger catchments belonging to rivers which flow 
across the western plains. These also had longer 
estuaries (Table 1). 
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Salinity and Dissolved Oxygen 

Salinity (S) is formally defined as a dimensionless 
quantity. Seawater typically has a salinity of 34 - 37, 
whereas the salinity of freshwater is less than 1. Sa¬ 
linities between these extremes (ic. brackish water) 
are encountered along the seawater / freshwater mix¬ 
ing gradient of an estuary. At any point in an estuary, 
however, salinity is highly variable due to tidal and 
river discharge fluctuations and sea state. If an estu¬ 
ary is blocked during summer and autumn, evapora¬ 
tion, combined with low river discharge may also 
result in hypersaline conditions (i.e. a salinity greater 
than seawater). The Merri River (Rutledge's Cutting) 
had hypersaline conditions (S ~ 45 - 49) during the 
autumn survey study. 

To quantify the extent of salinity stratification at 
a station the gradient of the haloclinc was calculated 
empirically as: 

Gradient (Stratification Index)= ^ 

Ad 


Where S surface = salinity at top of halocline (base of 
upper mixed layer) 

Sjccp = salinity at base of halocline (top of 
lower mixed layer) 

Ad = depth interval (m) over which the 
salinity change occurs 

For the purpose of this study, if the salinity gradient 
was < 10m" 1 the water column was described as 
‘mixed’ and for values >l()m" 1 as ‘stratified’ 
(Table 2). A majority (25) of the estuaries displayed 
at least one stratified station during the study. The 
proportion of sites which are stratified increases sig¬ 
nificantly with station depth (from 11.9% to 80% as 
depth increases from lm or less to over 2nt). Across 
the two surveys, stations which were vertically ho¬ 
mogenous (N -74) were slightly less common than 
stratified stations (N= 106). Group 1 and Group 2 es¬ 
tuaries are predominantly stratified (Barton & Sher¬ 
wood 2004). The exception to this is the Barwon 
estuary which is well mixed below Lake Connewarre 
as a consequence of the greater tidal range of Bass 
Strait (Sherwood etal. 1987). 


Table 2. Summary of stratification and bottom water oxygen status for all sites sampled on both survey trips across all 
estuaries. 


Site Depth (m) 

N d * 

Stratification 

N ,* 

Oxygen in bottom water 

N * 

% oxic bottom water 

< 1 

42 

Stratified 

(11.9%)+ 

5 

Oxic 

4 

80 

Hypoxic 

1 


Anoxic 

0 


Mixed 

37 

Oxic 

37 

100 

Hypoxic 

0 


Anoxic 

0 


1-2 

63 

Stratified 

(65.1%)+ 

41 

Oxic 

18 

44 


Hypoxic 

19 



Anoxic 

4 


Mixed 

22 

Oxic 

22 

100 


Hypoxic 

0 



Anoxic 

0 


>2 

75 

Stratified 

(80%)+ 

60 

Oxic 

15 

25 


Hypoxic 

36 



Anoxic 

9 


Mixed 

15 

Oxic 

12 

75 


Hypoxic 

3 



Anoxic 

0 



* N d = number of sites based on Site Depth 
N s = number of sites based on Stratification 
N 0 = number of sites based on Oxygen in bottom water 
+ Percentage of sites based on N d . 
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Stratification can isolate bottom waters leading 
to a range of chemical changes in them including a 
gradual loss of dissolved oxygen (DO). The propor¬ 
tion of these sites which have oxic (DO> 5mg/L) 
bottom waters decreases in deeper sites, although the 
effect is much less at mixed sites. Deeper sites had a 
greater probability of being hypoxic (DO between 
1 - 5mg/L) or anoxic (DO absent). This reflects the 
greater likelihood of shallow sites being effectively 
mixed by wind or water currents (Table 2). Anoxia 
was found in some stations of six estuaries. 

Western Victoria exhibits a Mediterranean type 
climate characterised by high rainfall during winter 
and spring, followed by relatively low rainfall during 
summer and autumn. This ‘winter-wet, summer-dry’ 
pattern results in seasonal changes in river/estuary 
discharge. Peak discharges in August - September are 
typically up to twenty times higher than the autumn 
minima in March - April. The variation in freshwater 
input results in significant seasonal changes to salinity 
within the estuaries (Sherwood 1985). Eight Group 3 
estuaries (Joanna (3a), Jamieson (3c) and Brown, 
Carisbrookc, Elliot, Grey, She Oak and Smythe (3d)) 
were freshwater (S<1) on both surveys. Another seven 
estuaries were fresh on one survey and brackish on the 
second (Gellibrand (2a), Port Campbell (3a) Wild Dog 
(3b) and Petticoat, Separation, Spout and Stony Creek 
-Lome (3c)) with the majority of these (6) being fresh 
during winter. During high flow (winter) discharge, 
saltwater may be flushed downstream and out of west 
Victorian estuaries for several weeks (Barton & 
Sherwood 2004). Steep seaward slopes in the Otway 
Ranges result in short estuaries which are readily 
flushed by river flows. Seawater enters them 
episodically on higher tides or storm seas and estuarine 
conditions persist for varying times dependent on river 
flow and sea stales (Fenton 2003). It is likely that 
Otway streams in which only freshwater was detected 
during our surveys would at other times exhibit 
estuarine character, and so they have been included in 
further analyses. 

Estuary Mouth State 

Intermittent entrance closure was observed in 12 of 
the 25 monitored estuaries (Fig. 2). Estuaries which 
were found to have entrances open during 2002 have 
been reported closed at other times (Glenelg, Angle- 
sea and Merri; Barton & Sherwood 2004). There is 
no obvious pattern to the times of mouth closure. 
Many physical factors interact to determine mouth 


state. While river discharge appears to be a signifi¬ 
cant factor (Pope 2007), other factors that may influ¬ 
ence mouth state include changes in astronomical 
tidal amplitude during the spring-neap tidal cycle 
and changes in sea level due to atmospheric pressure, 
wind speed and direction and wave height (known as 
the meteorological tide). These all directly affect the 
energy of ocean water and its ability to shift sand 
along the coast. Wave energy is able to resuspend 
sand and currents then transport it as part of the 
longshore drift system. Once the water velocity drops 
(as when seawater enters an estuary entrance or trav¬ 
els up a beach face as wave swash) its capacity to 
hold sand in suspension decreases and the sand is de¬ 
posited. On Southwest Victoria’s micro-tidal coast 
even small changes in sea level or wave height can 
cause significant changes in the location of sand 
deposition zones. 

Diversion of water for human needs has the po¬ 
tential to increase the frequency and duration of en¬ 
trance closure. In addition, modelling suggests that 
enhanced Greenhouse induced climate change will 
reduce runoff in west Victorian streams by 20 - 30% 
by 2055 (Jones & Durack 2005). Of 290 South Afri¬ 
can estuaries (where similar climate conditions to 
west Victoria prevail) 87% enter the sea through in¬ 
termittently open estuaries (Sehlachcr & Wooldridge 
1996). Reductions in South African river flows have 
been linked to a variety of ecological impacts includ¬ 
ing increases in water column temperature and salin¬ 
ity extremes, loss of connectivity between the sea 
and catchments for migratory fish and reduced re¬ 
cruitment of marine larval life stages into estuaries 
(Schlachcr & Wooldridge 1996; Grange et al. 2000). 
Similar processes have been identified by Pierson et 
al. (2002) for Australian estuaries. Provision of ade¬ 
quate environmental flows to maintain the frequency 
and duration of entrance opening must be a key man¬ 
agement objective for these estuaries. 

Nutrient Status 

A total of 245 water samples were analysed (110 
from 41 estuaries in the autumn survey and 135 from 
45 estuaries in winter). In the following discussion 
when uncertainties are quoted for statistical analyses 
of this data set they are one standard deviation unless 
otherwise specified. 

Statistical pair-wise examination of 60 stations 
where both surface and deep (below halocline) sam¬ 
ples were analysed showed: 
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Glenelg River 
Surrey River 
Fltzroy River 
Kumeralla River - Yambuck Inlet 
Moyne River - Belfast Lough 
Merri River - East 
Hopkins River 
Curdics River 
Geliibrand River 
Port Campbell Creek 
Sherbrook River 
Aire River 
Barham River 
Wild Dog Creek 
Skenes Creek 
Wye River 
Cumberland River 
St George River 
Erkskine River 
Stony Creek (Lome) 

Coalmine Creek 
MoRgs Creek 
Painkalae Creek - Aireys Inlet 
Anglesea River 
Barvvon River 

Fig. 2. Observations by volunteers of the condition of 25 west Victorian estuary entrances. Thick bars show times when 

the entrance was closed, thin bars for open periods. The double arrowed bars are based on less regular observations. 



(i) TSS was higher in deep water in both seasons 
(p < 0.0001), probably due to bottom sediment 
re-suspension. 

(ii) pH was higher in surface waters in autumn 
(p = 0.032; N = 21), probably due to the higher 
photosynthctic rates when day length and tem¬ 
peratures arc higher and water flow is lower. 

(iii) NOx was higher in surface waters in winter 
(p = 0.001; mean difference = 0.07 ±0.13 mg/L; 
N = 39) possibly because of higher NOx loads 
in catchment runolT. 

Using a probability criterion of p < 0.05 there 
were no other depth related differences in water qual¬ 
ity parameters (i.c. forTN, TP, FRP). 

Similarly, pair-wise comparisons of longitudinal 
stations within estuaries on each survey showed no 
significant (i.e. p < 0.05) differences for any variable 
between stations in autumn for surface (N = 21) or 
deep sites (N = 5). In winter surface water TN in¬ 


creased upstream with mean differences between 
sites I and 2 and sites I and 3 of (0.20 ± 0.43) mg/L 
and (0.31 ± 0.53) mg/L respectively (N = 27). This 
probably reflects the decreasing influence of nutrient 
poor seawater with dilution by river water upstream. 
Deep water TN at station 3 exceeded station 2 TN 
(mean difference 0.18 ± 0.16 mg/L; p - 0.015; N=8) 
although the reason for this is not clear. No other dif¬ 
ferences between stations for surface or deep waters 
were found in winter (although the sample size for 
deep water stations was small (7 to 13). 

Given the small variability of water samples from 
stations within estuaries, samples were pooled and a 
mean nutrient concentration calculated for each estu¬ 
ary (Tables 3 - 5). These mean values were used for 
all subsequent data analyses. 

Analysis of variance was used to test the hypotheses 
that nutrient concentrations (TN, TP) varied with 
estuary group (i.e. 1,2 and 3) or sub-group (1 a, 2a, etc) 
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Table 3. Summary of physico-chemical parameters measured for water samples collected from west Victorian estuaries 
over two seasonal surveys. All quantities except pH are in mg/L. 


Property 

Parameter 


pH 

TSS 

NOx 

TN 

FRP 

TP 

Maximum 

9.40 

180 

1.90 

5.10 

1.25 

2.80 

Minimum 

6.78 

0 

0.00 

0.00 

0.00 

0.00 

Mean 

8.02 

9 

0.13 

0.72 

0.03 

0.09 

Std. dev. 

0.51 

16 

0.22 

0.60 

0.09 

0.23 

Median 

8.05 

4.20 

0.03 

0.57 

0.01 

0.04 

N 

244 

244 

244 

245 

244 

244 

ANZECC* 

7.0-8.5 

- 

0.015 

0.30 

0.005 

0.030 


* Default trigger values for SE Australian estuaries (ANZECC 2000). 


Table 4. Mean estuary nutrient concentrations (mg/L) for each seasonal survey. Asterisked estuaries were sampled at a 
single station. 


Estuary name 

Autumn 

Autumn 

Winter 

Winter 

Mean TN 

Mean TP 

Mean TN 

Mean TP 

Aire River 

0.13 

0.016 

0.50 

0.032 

Anderson Creek* 

nd 

nd 

0.39 

0.050 

Anglcsca River 

0.72 

0.043 

0.34 

0.050 

Barham River 

0.72 

0.061 

0.74 

0.060 

Barwon River 

0.53 

0.038 

0.51 

0.042 

Blanket Bay* 

0.77 

0.100 

nd 

nd 

Brown River* 

0.35 

0.070 

1.30 

0.030 

Carisbrooke Creek* 

0.01 

0.005 

0.70 

0.090 

Coalmine Creek* 

nd 

nd 

0.36 

0.005 

Cumberland River* 

0.05 

0.035 

0.37 

0.055 

Curdies River 

1.46 

0.072 

2.15 

0.260 

Elliot River* 

1.20 

0.007 

1.20 

0.006 

Erkskine River 

0.81 

0.052 

0.25 

0.037 

Eumcralla River 

1.24 

0.030 

0.74 

0.077 

Fawthrop Lagoon 

nd 

nd 

0.29 

0.053 

Fitzroy River 

0.44 

0.035 

0.65 

0.034 

Gellibrand River 

0.59 

0.032 

1.40 

0.110 

Glenclg River 

0.60 

0.005 

0.81 

0.060 

Grey River* 

0.01 

0.005 

0.30 

0.010 

Hopkins River 

0.89 

0.174 

1.07 

0.064 

Jamieson River* 

0.01 

0.010 

2.00 

0.030 

Joanna River* 

1.30 

0.150 

1.50 

0.006 

Kennett River 

0.57 

0.110 

0.24 

0.032 

Merri River 

0.88 

0.065 

0.96 

0.100 

Moggs Creek 

0.50 

0.055 

1.57 

0.190 

Moyne River 

0.92 

0.087 

0.83 

0.090 

Painkalac Creek 

0.37 

0.043 

0.45 

0.012 


nd - no data. 
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Table 4 (continued). Mean estuary nutrient concentrations (mg/L) for each seasonal survey. Asterisked estuaries were 
sampled at a single station. 


Estuary name 

Autumn 

Autumn 

Winter 

Winter 

Mean TN 

Mean TP 

Mean TN 

Mean TP 

Parker River* 

0.49 

0.080 

1.10 

0.060 

Petticoat Creek* 

0.47 

0.090 

0.64 

0.050 

Port Campbell Creek 

1.11 

0.090 

1.33 

0.110 

Reedy Creek* 

4.70 

0.005 

0.67 

0.090 

Rutledges Cutting 

1.60 

0.023 

0.85 

0.023 

Separation Creek* 

0.69 

0.040 

1.10 

0.010 

She Oak River* 

0.36 

0.040 

0.53 

0.030 

Sherbrook River 

0.77 

0.053 

1.43 

0.085 

Skenes Creek 

0.45 

0.110 

0.67 

0.033 

Smythe Creek* 

0.02 

0.035 

0.39 

0.010 

Spout Creek* 

0.95 

0.000 

0.39 

0.002 

Spring Creek 

0.71 

0.047 

0.76 

0.1 10 

St George River 

0.68 

0.087 

0.24 

0.055 

Stony Creck-Lorne* 

nd 

nd 

0.64 

0.100 

Sugar Loaf Creek* 

nd 

nd 

0.49 

0.020 

Surrey River 

0.58 

0.005 

0.42 

0.022 

Thompsons Creek 

0.81 

0.060 

0.67 

0.240 

Wild Dog Creek 

0.26 

0.140 

0.67 

0.045 

Wye River 

0.62 

0.040 

0.76 

0.028 


nd - no data. 


across the two seasonal surveys. No differences were 
found (for p < 0.05). A further test showed that, based 
on nutrient concentrations over both surveys, estuaries 
west of Cape Otway (ie. Aire to Glenelg) were not 
distinguishable from those east of Cape Otway (ic. 
Parker to Barwon). 

Finally, pair-wise comparisons of mean TN, TP 
concentrations for each estuary for each season showed 
they were not significantly different. 

These analyses show that west Victorian estuaries 
may be more temporally and spatially homogenous 
with respect to nutrients than might be suggested from 
their variable salinity and DO regimes. Despite this 
they do exhibit a wide range of nutrient concentrations 
(Table 4. 5). The majority of water quality parameter 
concentrations exceeded default ANZECC (2000) 
trigger values (Table 6). ANZECC (2000) recom¬ 
mends that the default values, which represent the 80' 1 ' 
percentile of a reference estuary data set, be used until 
region specific trigger values are developed. West Vic¬ 
torian specific values are not yet available for estuar¬ 


ies. The proportion of values which exceed guidelines 
is not significantly altered if freshwater ANZECC val¬ 
ues are used for estuaries in a freshwater state. 

The simple inorganic forms of N (NOx) and P 
(FRP) are readily bioavailable. The ratio FRP:TP did not 
change with the season of survey (autumn = (0.45±0.33) 
N= 108; winter = (0.4240.30) N = 133). The proportion 
of NOx in TN was significantly higher (p<0.05) in 
winter (NOx:TN - (0.26±0.24) N=I35) compared to 
autumn (NOxrTN = (0,I2±0.25) N=109). This may be 
due to cither a greater contribution of N from ground 
water or reduced denitrification efficiencies in winter. 

Linear regression was used to investigate possible 
links between catchment land use (Table 7) and estu¬ 
ary nutrient concentrations (Table 4). Very weak, non- 
prcdictive correlations were found (Table 8). Nutrient 
concentrations in estuaries at the base of near pristine 
catchments (i.e. a high % of nature conservation and/ 
or forestry) were as variable as from estuaries with a 
high proportion of agriculture. This suggests that 
under low to moderate flow conditions (i.e. when salt 
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Table 5. Mean physico-chemical properties of west Victorian estuaries on each seasonal survey. Concentrations shown as 
zero are below the limit of detection (<0.01mb/L for NOx and FRP; <0.1mg/L forTSS). 


Estuary name 

Season 

pH 

TSS 

NOx 

FRP 

Aire River 

1 

7.92 

4.16 

0.08 

0 

Aire River 

2 

7.84 

5.80 

1.73 

0 

Anderson Creek 

2 

7.84 

11.00 

0 

0 

Anglesea River 

1 

7.20 

2.73 

0.01 

0.04 

Anglesea River 

2 

8.02 

15.52 

0 

0 

Barham River 

1 

7.44 

1.49 

0.01 

0.03 

Barham River 

2 

8.26 

11.70 

0 

0 

Barwon River 

1 

7.34 

4.93 

0.01 

0.02 

Barwon River 

2 

8.13 

12.85 

0 

0 

Blanket Bay Creek 

1 

8.18 

0.40 

0 

0.02 

Brown River 

1 

8.50 

0 

0.04 

0.03 

Brown River 

2 

8.84 

5.40 

0 

0 

Carisbrooke Creek 

I 

7.78 

0.20 

0 

0 

Carisbrooke Creek 

2 

8.62 

1.60 

0 

0 

Coalmine Creek 

2 

7.61 

2.80 

0 

0 

Cumberland River 

1 

8.58 

3.40 

0.01 

0.03 

Cumberland River 

2 

8.58 

15.50 

0 

0 

Curdies River 

1 

8.55 

1.48 

0 

0.61 

Curdies River 

2 

8.00 

19.75 

0 

0 

Elliot River 

1 

7.76 

3.80 

0.30 

0.02 

Elliot River 

2 

8.03 

6.00 

0 

0 

Erkskine River 

I 

8.11 

1.90 

0 

0.01 

Erkskinc River 

2 

8.06 

11.88 

0 

0 

Eumcralla River 

1 

7.68 

2.47 

0 

0.03 

Eumeralla River 

2 

8.68 

6.30 

0 

0 

Fawthrop Lagoon 

2 

8.30 

94.00 

0 

0 

Fitzroy River 

1 

7.84 

1.35 

0.05 

0.01 

Fitzroy River 

2 

8.54 

6.44 

0 

0 

Gellibrand River 

1 

7.29 

1.70 

0.12 

0.01 

Gcllibrand River 

2 

6.90 

17.66 

0 

0 

Glenclg River 

1 

7.43 

3.20 

0.06 

0 

Glenelg River 

2 

8.04 

6.58 

0 

0 

Grey River 

1 

7.65 

0.40 

0 

0 

Grey River 

2 

7.87 

1.30 

0 

0 

Hopkins River 

I 

7.81 

4.32 

0 

0.09 

Hopkins River 

2 

8.56 

7.06 

0 

0 

Jamieson River 

1 

7.76 

0.40 

0 

0.01 

Jamieson River 

2 

8.05 

1.10 

0 

0 

Joanna River 

1 

7.49 

1.63 

0.75 

0.02 

Joanna River 

2 

7.10 

18.00 

0 

0 

Kennett River 

1 

8.20 

3.53 

0.01 

0.11 

Kennett River 

2 

8.32 

10.89 

0 

0 
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Table 5 (continued). Mean physico-chemical properties of west Victorian estuaries on each seasonal survey. Concentrations 
shown as zero are below the limit of detection (<0.01mb/L forNOx and FRP; <0.1mg/L forTSS). 


Estuary name 

Season 

pH 

TSS 

NOx 

FRP 

Mcrri River 

1 

7.35 

2.93 

0.24 

0.03 

Merri River 

2 

8.89 

16.55 

0 

0 

Moggs Creek 

1 

7.69 

2.90 

0 

0.03 

Moggs Creek 

2 

7.13 

16.07 

0 

0 

Moyne River 

1 

7.42 

4.53 

0 

0.08 

Moyne River 

2 

8.43 

21.60 

0 

0 

Painkalac Creek 

1 

7.19 

3.04 

0 

0.04 

Painkalac Creek 

2 

8.05 

39.50 

0 

0 

Parker River 

1 

7.77 

1.00 

0 

0.02 

Parker River 

2 

7.56 

12.00 

0 

0 

Petticoat Creek 

1 

8.62 

0.40 

0 

0.04 

Petticoat Creek 

2 

8.36 

1.60 

0 

0 

Port Campbell Creek 

1 

7.40 

1.60 

0 

0.03 

Port Campbell Creek 

2 

8.44 

19.00 

0 

0 

Reedy Creek 

1 

7.03 

6.40 

0 

0 

Reedy Creek 

2 

8.05 

75.00 

0 

0 

Rutledges Cutting 

1 

8.49 

6.00 

0 

0 

Rutledges Cutting 

2 

8.85 

8.03 

0 

0 

Separation Creek 

1 

7.29 

0.89 

0.06 

0.03 

Separation Creek 

2 

8.04 

4.60 

0 

0 

She Oak River 

i 

7.51 

0.40 

0 

0.01 

She Oak River 

2 

8.20 

90.00 

0 

0 

Sherbrook River 

1 

8.23 

3.40 

0 

0.01 

Sherbrook River 

2 

8.35 

26.13 

0 

0 

Skenes Creek 

1 

8.29 

2.70 

0.02 

0.09 

Skenes Creek 

2 

8.23 

2.36 

0 

0 

Smythe Creek 

1 

8.48 

0.80 

0.02 

0.04 

Smythe Creek 

2 

9.01 

1.60 

0 

0 

Spout Creek 

2 

8.23 

3.10 

0 

0 

Spring Creek 

1 

8.08 

4.47 

0 

0.01 

Spring Creek 

2 

7.92 

54.06 

0 

0 

St George River 

i 

8.14 

3.87 

0.01 

0.09 

St George River 

2 

8.24 

11.62 

0 

0 

Sugar Loaf Creek 

2 

9.40 

1.70 

0 

0 

Surrey River 

1 

7.95 

1.44 

0 

0 

Surrey River 

2 

8.31 

3.78 

0 

0 

Thompsons Creek 

i 

8.08 

5.00 

0 

0.03 

Thompsons Creek 

2 

8.03 

0 

0 

0 

Wild Dog Creek 

1 

8.39 

6.05 

0 

0.01 

Wild Dog Creek 

2 

9.07 

8.60 

0 

0 

Wye River 

I 

8.00 

2.23 

0 

0 

Wye River 

2 

8.49 

5.53 

0 

0 
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Table 6. Percent of water samples which had concentrations exceeding ANZECC (2000) default trigger values (see Table 3). 


Parameter 

% of samples in exceedence 

Autumn (N = 110) 

Winter (N = 135) 

pH > 

1; 6 

3; 21 

NO x 

25 

87 

TN 

84 

82 

FRP 

59 

78 

TP 

70 

78 


1 First figure is for pH <7; second is for pH > 8.5. 


Table 7. Land use distribution in the catchments of west Victorian rivers. 


Estuary name 

Nature conservation 
area (%) 

Forestry 
area (%) 

Agriculture area 
(%) 

Urban 
area (%) 

Other use 
area (%) 

Total (%) 

Aire River 

17.8 

47.9 

23.9 

0.0 

9.1 

98.7 

Anderson Creek 

39.3 

59.1 

1.3 

0.0 

0.0 

99.7 

Anglesea River 

22.8 

7.1 

4.4 

4.2 

61.0 

99.5 

Barham River 

3.6 

56.2 

35.7 

0.0 

4.5 

100.0 

Barwon River 

5.5 

5.7 

80.9 

3.6 

3.1 

98.8 

Blanket Bay Creek 

100.0 

0.0 

0.0 

0.0 

0.0 

100.0 

Brown River 

0.0 

9.1 

71.2 

0.0 

19.8 

100.1 

Carisbrooke Creek 

11.0 

79.3 

0.9 

0.0 

8.6 

100.0 

Coalmine Creek 

100.0 

0.0 

0.0 

0.0 

0.0 

100.0 

Cumberland River 

78.0 

21.8 

0.0 

0.0 

0.0 

100.0 

Curdies River 

3.3 

2.0 

93.1 

0.3 

0.2 

98.9 

Elliot River 

96.7 

0.0 

1.8 

0.0 

1.4 

99.9 

Erkskine River 

81.8 

8.1 

0.7 

0.0 

9.4 

100.0 

Eumeralla River 

2.3 

0.2 

95.8 

0.6 

0.1 

99.0 

Fawthrop Lagoon 

7.9 

5.6 

82.4 

3.2 

0.7 

99.8 

Fitzroy River 

7.4 

14.2 

76.5 

0.1 

1.3 

99.5 

Gellibrand River 

12.7 

40.4 

35.9 

0.8 

9.9 

99.7 

Glenelg River 

13.5 

12.4 

70.8 

0.2 

2.4 

99.3 

Grey River 

48.1 

44.9 

0.0 

0.0 

7.1 

100.1 

Hopkins River 

1.5 

1.5 

93.1 

1.9 

0.8 

98.8 

Jamieson River 

92.8 

7.2 

0.0 

0.0 

0.0 

100.0 

Joanna River 

4.6 

21.0 

53.0 

2.4 

18.8 

99.8 

Kennett River 

25.9 

72.0 

0.0 

0.0 

2.0 

100.0 

Merri River 

0.5 

0.0 

97.9 

1.1 

0.2 

99.7 

Moggs Creek 

82.1 

6.9 

0.0 

0.0 

6.1 

95.1 

Moyne River 

0.6 

0.0 

99.2 

0.3 

0.0 

100.1 

Painkalac Creek 

52.3 

35.5 

1.9 

0.0 

9.3 

99.0 

Parker River 

84.7 

0.0 

3.3 

0.0 

11.4 

99.4 

Petticoat Creek 

0.0 

0.0 

87.4 

0.0 

10.7 

98.1 

Port Campbell Creek 

3.4 

0.0 

95.6 

0.0 

0.6 

99.6 

Reedy Creek 

81.7 

5.5 

3.6 

0.0 

9.3 

100.1 
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Table 7 (continued). Land use distribution in the catchments of west Victorian rivers. 


Estuary name 

Nature conservation 
area (%) 

Forestry 
area (%) 

Agriculture area 
(%) 

Urban 
area (%) 

Other use 
area (%) 

Total (%) 

Separation Creek 

53.4 

37.1 

7.1 

0.0 

2.4 

100.0 

She Oak River 

91.1 

8.0 

0.0 

0.0 

0.2 

99.3 

Sherbrook River 

26.5 

0.0 

72.8 

0.0 

0.0 

99.3 

Skenes Creek 

0.0 

8.7 

91.3 

0.0 

0.0 

100.0 

Smythe Creek 

0.2 

86.2 

6.7 

0.0 

6.9 

100.0 

Spout Creek 

96.5 

0.8 

2.5 

0.0 

0.0 

99.8 

Spring Creek 

8.9 

0.0 

73.2 

3.3 

14.3 

99.7 

St George River 

56.0 

28.7 

0.6 

0.0 

14.6 

99.9 

Stony Creek - Otways 

99.9 

0.0 

0.0 

0.0 

0.0 

99.9 

Stony Creek- Lome 

81.3 

5.4 

0.0 

0.0 

13.2 

99.9 

Sugar Loaf Creek 

0.0 

56.6 

29.9 

0.0 

12.9 

99.4 

Surrey River 

6.0 

43.0 

50.5 

0.1 

0.5 

100.1 

Thompsons Creek 

0.4 

0.6 

95.9 

0.5 

1.6 

99.0 

Wild Dog Creek 

1.0 

57.5 

35.8 

0.0 

4.8 

100.0 

Wye River 

23.7 

68.3 

5.5 

0.0 

2.5 

100.0 


Table 8. Correlation coefficients (R 2 ) for linear regression of mean estuary nutrient concentrations against catchment 
properties. 


Catchment variable 

TN 

TP 

Autumn 

Winter 

Autumn 

Winter 

% Nature conservation 

0.013 

0.002 

0.055 

0.040 

% Agriculture 

0.012 

0.075 

0.084 

0.14 

Population density (km -2 ) 

0.000 

0.034 

0.005 

0.062 


water is retained in the estuary) estuary nutrient con¬ 
centrations are more influenced by internal processes 
titan upstream loading. In small estuaries inputs of 
marine organic detritus such as ntacroalgae during 
heavy seas could increase nutrient loadings and BOD 
in estuaries located in undisturbed catchments. Other 
estuaries may have nutrient turnover rates high enough 
to rapidly utilise nutrients introduced from upstream - 
even if their catchments are highly altered. 

Only the Grey River was below the ANZECC 
(2000) trigger values forTN and TP on both surveys. 
Jamieson River greatly exceeded the trigger value 
for TN on the winter survey (Table 8) but was below 
it in autumn and for TP. Both estuaries were in a 
freshwater state when surveyed. Five estuaries (Aire, 
Merri - west, Smythe, Spout and Surrey) were below 
the trigger values in two of the four instances. These 
estuaries could be investigated further as possible 
reference systems for the type of estuaries they rep¬ 
resent (Edgar & Barrett 1999). 


Nutrient Ratios 

Nutrient enrichment of waterways due to human ac¬ 
tivities can lead to increased populations of algae and 
aquatic plants (macrophytes; Harris 1999). This can 
lead to harmful ecological impacts such as fish kills or 
to loss of amenity (by blocking of waterways). During 
this study concentrations of various operationally de¬ 
fined forms of the major nutrients (nitrogen and phos¬ 
phorus) have been measured for surface and deep 
water samples at mid-stream sites along the estuary. 

The ‘total’ concentration of nitrogen (N) and 
phosphorus (P) includes particulate and dissolved 
forms of the elements present in organic detritus, dis¬ 
solved organic compounds or simple inorganic ions 
such as nitrate ( NOf ), ammonium (,V//,') or phos¬ 
phate (!’()( ). Ultimately these elements are taken up 
by macrophytes or algae once the complex organic 
materials arc remineralised by bacteria which convert 
them to the inorganic forms plants can readily absorb. 
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The optimum ratio of nitrogen to phosphorus for 
uptake by marine algae is known as the Redfield 
Ratio. When concentrations are measured in mg/L it 
is equal to: 



If the ratio exceeds 7 + I then there is potentially 
‘excess’ N and the supply of P is likely to ultimately 
limit growth of the algal or plant community (P-limita- 
tion). If the ratio is less than 7 ± I the water is described 
as nitrogen (N) limited. Addition of more of the limit¬ 
ing nutrient (e.g. through wastes or fertilizer) may lead 
to enhanced growth in plant or algal populations. 

The Redfield ratios found for west Victorian es¬ 
tuarine waters show a majority of sites were P-lim- 
ited (TN/TP > 8; Table 9). There is little seasonal 
variation in the proportions of water samples in each 
category (Table 9). Nine Group 3 estuaries showed 
nitrogen limitation in summer/autumn (Brown. Car- 
isbrooke. Grey, Jamieson, Smythe (freshwater state) 
and Cumberland Parker. Petticoat and Wild Dog (es¬ 
tuarine)) but in the winter survey these had become P 
limited. All other estuaries were either P limited in 
both seasons (N - 7) or in one season with no con¬ 
sistent pattern across stations in the second (N = 19). 
In 10 estuaries there was no consistent pattern across 
stations in either season. 

N-limitation is the predominant pattern in estua¬ 
rine systems (Harris 1999; Webster & Harris 2004) 
although instances of P-limitation and fluctuations 
between the two states as found here arc also re¬ 
ported (Harris 1999). The concentration ratios of N 
and P in natural waters are determined by the inter¬ 
action of catchment inputs, uptake by macrophytes 
and phytoplankton, internal loads from sediments 
and recycling of the elements through food webs 
(Harris 1999). In estuaries, the residence time of 
water and the degree of mixing with nutrient poor 
seawater will also influence the nutrient concentra¬ 
tions and ratios. In N-limited estuaries blooms of N- 
fixing cyanobacteria (eg. Nodularia spp.) may lead 


to estuary closure for recreational activity because of 
the potential toxicity (Maher 2001). 

Denitrification is an important microbially medi¬ 
ated benthic process which removes nitrogen from es¬ 
tuaries. In Port Phillip Bay this results in ratios ofTN: 
TP ~ I (Harris etal. 1996). Anoxic conditions in sedi¬ 
ments in which availability of nitrate may inhibit den¬ 
itrification leads to a build up of ammonia through 
remineralisation of organic matter. Addition of this to 
the water column can raise nitrogen concentrations, 
accelerating eutrophication (Harris 1999). In western 
Victorian estuaries this could be one reason for both 
higher nitrogen concentrations and ratios of TN:TP, 
particularly in autumn low flow conditions. It is also 
possible that the short length of many of the estuaries 
means that, in higher flow conditions of winter, resi¬ 
dence times of water are not sufficient to substantially 
alter TN:TP from its freshwater value. 

Freshwater systems are typically P-limited (Harris 
1999). The ratio ofTN:TP in rainfall is ~50 (Harris 
1999). High ratios of TN:TP (>30) have been found 
elsewhere in the upper, undisturbed reaches of catch¬ 
ments and in streams affected by acid rain (the latter is 
an unlikely situation in west Victoria). Changing land 
use from forest to agriculture or urban has also been re¬ 
ported to increase the export of nutrients from catch¬ 
ments and the ratio of TN:TP typically decreases 
towards the Redfield Ratio (Harris 1999). The estuaries 
in this study have a wide range of land uses - from vir¬ 
tually 100% forest to 100% agriculture. Many have 
townships alongside them. MeanTN and TP concentra¬ 
tions showed no trend across this range of land uses 
(Fig. 3). During winter 7 of 9 estuaries with mean ratios 
above 30 had >80% forest cover as expected for undis¬ 
turbed catchments. For ratios below 30 however (for 36 
estuaries) there was no pattern (Fig. 4). The ratio TN:TP 
also showed no pattern with % forest cover in the au¬ 
tumn survey - although riverine inputs arc likely to be 
less important at this time. Forested catchments in the 
Otway Ranges may have P- limited runoff in winter and 
agricultural practices in west Victoria may preferen¬ 
tially increase the supply of nitrogen over phosphorus in 


Table 9. Percentage of estuary samples showing potential limitation by TN, TP or neither (i.e. Ratio = 6 - 8). 


State 

% 

Autumn (N = 109) 

Winter (N = 135) 

Surface (N=86) 

Deep (N= 23) 

Surface (N=95) 

Deep (N=40) 

N-limited 

19 

13 

10 

18 

Neither 

13 

4 

17 

15 

P-limited 

69 

83 

73 

68 
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Fig. 3. Variation ofTN with % catchment forest cover (calculated as the sum of % nature conservation and % forestry; 
Table 6): (a) autumn survey, (b) winter survey. 


runoff from cleared catchments so that there is no nett 
effect of land use change on the nutrient ratios. 

The high concentrations of nutrients found in es¬ 
tuaries associated with heavily forested catchments 
suggest that internal loading was a major process in¬ 
fluencing the nutrient status of the estuaries in 2002. 
Episodic nutrient inputs either as floods from up¬ 
stream (Webster & Harris 2004) or as wrack during 
heavy seas may provide nutrients which on subse¬ 
quent remineralisation fuel estuary ecosystems for 
the majority of the time. What is not clear however is 
the source(s) of the additional N or the sink (s) for P 
responsible for the nutrient imbalance. 


Management implications 

When applying results of this study, estuary managers 
must be mindful of the study’s limitations. It should not 
be assumed that the values reported here are constant 
over time, even within the one season. Estuaries are 
highly variable and their water column properties can 
vary over time scales of less than a day in response to 
tidal changes, river discharge fluctuations or changes in 
wind strength or direction (which affect turbulent mixing 
of the water column). For some estuaries the data repre¬ 
sent the only information available and additional studies 
may be required for management plan development. 

There are three outcomes for management re¬ 
sulting from the study: 
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Fig. 4. Variation of the ratio TN:TP with % forest cover of west Victorian catchments; (a) autumn survey, (b) winter sur¬ 
vey. Percent forest cover was calculated as the sum of % nature conservation and % forestry (Table 6). 


(i) The region’s estuaries have been grouped ac¬ 
cording to geomorphic characteristics. 

These groups could form the basis for re¬ 
gional estuarine management and should be a 
focus for future researclt into estuary character¬ 
istics which influence their biodiversity using 
an approach similar to that of Edgar and Barrett 
(1999). 

(ii) Eutrophication of the estuaries may degrade their 
ecosystems. The pattern of degradation often in¬ 
volves seagrass loss followed by outbreaks of 
toxic phytoplankton blooms (Webster & Harris 
2000). Well known Australian examples have oc¬ 
curred in the Pcel-Harvey (WA), Gippsland Lakes 
(Vic) and Myall Lakes (NSW). Less well known 


is that some of region’s estuaries (Merri, Hopkins, 
Curdies and Barwon) have suffered phytoplank¬ 
ton blooms (eg. Maher 2001). Nutrient manage¬ 
ment is essential to reduce their incidence. 
Estuaries with the highest nutrient concentrations 
should be investigated further to establish cause(s) 
of their eutrophication (Table 10). 

(iii) Increases in water level following closure of es¬ 
tuary entrances by sand can flood agricultural 
land, buildings, roads and structures such as 
jetties and boat ramps. Historically local com¬ 
munities have opened estuary entrances when¬ 
ever water levels threatened a desired activity 
or land use. Such practices may need to be 
modified as more is learnt of the adverse eco- 
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Table 10. West Victorian estuaries having highest mean nutrient concentrations during two seasonal surveys. Figures in 
brackets give the mean concentration in mg/L. Asterisked estuaries were in a freshwater state. 


Survey 

Estuary 

TN 

TP 

Autumn 

Reedy Creek (4.7) 

Curdies River (0.26) 

Merri River (1.60) 

Joanna River (0.15)* 

Curdies River (1.46) 

Wild Dog Creek (0.14) 

Joanna River (1.30)* 

Kennctt River (0.11) 


Skcnes Creek (0.11) 

Winter 

Curdies River (2.15) 

Curdies River (0.26) 

Jamieson River (2.00)* 

Thompsons Creek (0.24) 

Moggs Creek (1.55) 

Moggs Creek (0.19) 

Joanna River (1.50)* 

Spring Creek (0.11) 


Gellibrand River (0.11)* 


logical effects of ‘artificial’ mouth opening. 
Whilst there ntay be social issues to address 
when developing mouth entrance management 
plans, ecological risks may accompany artifi¬ 
cial mouth opening and should be carefully 
considered. Fringing wetlands can provide im¬ 
portant waterbird habitat - acting as drought 
refuges as inland wetlands dry up. They may 
also be a source of water low in dissolved oxy¬ 
gen which cause fish kills as it drains into the 
estuary channel following mouth opening. The 
presence of wetlands in an estuary increases 
the risk of adverse ecological effects of mouth 
opening. Stratification can also lead to low dis¬ 
solved oxygen concentrations in deep waters. If 
mouth opening drains off oxygenated, surface 
water, fish kills may result if only the deep hy¬ 
poxic or anoxic water remains. Detection of 
stratification or low DO concentrations indi¬ 
cates an elevated risk of harmful impacts of 
mouth opening. Dcakin University is currently 
working in partnership with State government 
authorities to develop a decision support tool 
for estuary entrance management. 

CONCLUSIONS 

The present project involved two seasonal surveys of 
west Victorian estuaries. For logistical reasons each 
survey took 4-6 weeks and so does not represent an 
instantaneous ‘snapshot’ of the region’s estuaries. The 
surveys however, captured each estuary in a summer/ 
autumn, low-flow state and a winter/spring higher 


flow state. They constitute a comprehensive targeted 
sampling of all west Victorian estuaries and the data 
collected has allowed a regional overview of biogeo¬ 
chemical. hydrodynamic and anthropogenic factors 
influencing water quality. The data forms a starting 
point for development of estuary management plans. 
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NEW LATEST CARBONIFEROUS BRACHIOPODS FROM THE HEXI 
CORRIDOR TERRANE, NORTH CHINA: FAUNAL MIGRATIONS AND 
PALAEOGEOGRAPHICAL IMPLICATIONS. 
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Shi, G.R., Chhn, Z.Q. & Tong, J-N., 2008. New latest Carboniferous brachiopods from the Hexi 
Corridor Terrane, North China: faunal migrations and palaeogcographical implications. 
Proceedings of the Royal Society of Victoria 120(1): 277-304. ISSN 0035-9211. 

This paper describes a new genus, Hexipwductus, and three new species Companteris hexiensis, Ko- 
zlowskia ningxiaensis and Admoskovia yatzengi from the Gzhelian (Late Carboniferous) of the Hexi Cor¬ 
ridor Terrane (HCT), Ningxia Province, northern China. A palaeobiogeographica! analysis of all 
Hexipwductus species shows that this genus has its origin in the North China Block (NCB) in the Mosco- 
vian and later (during the Kasimovian-Artinskian) migrated, through the HCT. westerly to theTarim Basin 
and beyond to Central Asia and Europe. Companteris and Admoskovia arc both endemic to the Russian 
Platform and the HCT. Kozlowskia originated in Oklahoma, USA in earliest Pennsylvanian and rapidly 
dispersed northerly to Arctic Canada of the Boreal Realm and southerly to Brazil of the Gondwanan 
Realm. Outside America, the genus also spread over into some marginal seas of the Palaeotethys including 
northern Spain, Britain, Carnic Alps, Russian Platform, Fergana Basin, Junggar Basin, Tarim Basin and 
the 11CT in the Pennsylvanian. Permian Kozlowskia exhibits a distinct anti-tropical (bipolar) distribution, 
as indicated by occurrences in both the high palaeolatitudinal Boreal and Gondwanan Realms and their 
associated middle palaeolatitudinal transitional zones. Despite carrying an overall Cathaysian biogeo- 
graphical aspect, the Late Palaeozoic biotas of the HCT were considerably different to those of the neigh¬ 
bouring NCB, presumably as a result of significant palaeobiogeographica! barriers. Furthermore, the 
mixed nature of the HCT faunas may also suggest that the HCT may have been located as an isolated ter¬ 
rane between the NCB and Laurasian landmasses throughout most stages of the Late Palaeozoic and, as 
such, may have acted as a stepping stone or gateway for faunal migrations between Laurasia to the west, 
NCB to the east, and the Tarim Basin and Qaidam Block to the south and southwest. 

Keywords : Late Carboniferous, biogeography, brachiopods, llcxi Corridor Terrane, North China. 


THE STUDY AREA is located within the llcxi Cor¬ 
ridor Terrane (referred to as HCT hereafter), in the 
northern part of Ningxia Province, north China (Figs 
1A-B). The HCT is a fault bounded tectonic block 
surrounded by four other tectonic blocks in northwest 
China: North China Block (NCB hereafter) to the 
east, Qaidam Block (or Qaidam Basin) to the west, 
Tarim Basin to the northwest, and the Alashan Block 
to the north (Fig. IB). Historically, the HCT has been 
generally regarded as an integral part of the Kunlun- 
Qinling Fold System across central China that sepa¬ 
rates Tibetan and South China blocks to the south and 
southwest from the Tarim-North China tectonic sys¬ 
tem to the north and west (Fig. IB) (Ren et al. 1987; 
Cheng 1994). Palaeobiogeographically, the HCT has 
generally been attributed to the Eastern Palaeotclhyan 
Realm throughout the Palaeozoic with particularly 


strong biogcographical affinities to the NCB (e.g., 
Liao 1995 ). However, this perception has been ques¬ 
tioned recently as a result of increased field mapping 
and acquisition of new palaeontological data. For in¬ 
stance, an expanding body of evidence now suggests 
that the Late Palaeozoic provincialism of floras of the 
HCT demonstrates a highly dynamic evolutionary 
pattern in that the Pennsylvanian flora is character¬ 
ised by a mixture of Euramerican and Cathaysian ele¬ 
ments, but by the Middle Permian the flora of this 
terrane demonstrates a strong mixture of Cathaysian 
and Angaran floras (Wu & Zhao 1982; Zhang et al. 
1982; Zhu 1995; Li & Wu 1996; Ouyang et al. 1998; 
Ouyang & Hou 1999; Owens et al. 2001). 

In sharp contrast to the recent surge of interests in 
the Late Palaeozoic floras of the HCT, few modern 
studies have specifically investigated the features and 
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103° 104° 105° 



Fig. I. Location of the study area. A, a map of China showing the general location of the study area in north China. B, A 
much simplified tectonic framework map of central and east Asia (modified after 11 Liang el al. 2001). showing the spatial rela¬ 
tionships of the Hexi Corridor terrane with respect to other major surrounding tectonic units. C, generalized geological map of 
the Hexi Corridor region (after NGMRB 1990), showing the location of the Shangheyan section in Zhongwci, Ningxia 
Province, north China. Abbreviations for the tectonic blocks in Fig. 1B are: A. Alashan block; H. Himalayan Terrane (compos¬ 
ite); Qa. Qaidam block; QFB, Qilianshan Fold Belt; Qt, Qiangtang block; L, Lhasa block; SP, Songpan Gaive block. 


significance of coeval marine faunas of the HCT. 
Early studies, such as those carried out by Chao 
(1927. 1928, 1929) and Ding and Qi (1983) remain 
the most valid taxonomic information in hand for the 
HCT. On the other hand, these earlier studies were 
based on sparse collections made in the course of re¬ 
connaissance surveys and lacked detailed strati¬ 
graphic control, and are therefore too meagre to draw 
useful conclusions concerning the biogeographical 
nature and history of the HCT through the Late 
Palaeozoic. 


In 2000, one of the authors (TJN) collected abun¬ 
dant brachiopod material from the Carboniferous rocks 
of the HCT when lie undertook a geological survey in 
this region. Among the brachiopods collected, Kozlows- 
kia, Companteris and Admoskovia are herein selected 
for systematic descriptions because of their first occur¬ 
rences in this region and hence for their biogcographi- 
cal significance. In addition, we also propose a new 
genus, Hexipmductus gen. nov„ for ‘ Avonia ’ echidni- 
formis Chao, 1925 based on a re-examination of the 
type material of this species as well as new material 
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Fig. 2. Carboniferous-Permian sequence of the Shanghcyan 
section ofZhongwei, Ningxia, north China. The biostratigraphi- 
cal Carboniferous-Permian boundary is placed at the base of 
Bed 26 of the lower Taiyuan Formation (after NGMRS 1990). 
Explanations for legend: 1, mudstone-bearing coal seams; 2, 
siltstone (locally with mudstone); 3. sandstone; 4, limestone; 5, 
fusulinid; 6, brachiopod; 7, plant fossils. 


from the HCT. Documentation of the brachiopod fauna 
and elucidation of the biogeographical distributions of 
selected brachiopod genera has allowed us to infer the 
origins and migratory pathways of these genera in the 
northern Palaeotcthys during the Late Palaeozoic. 

STRATIGRAPHY AND AGE OF THE 
BRACHIOPOD FAUNA 

The Upper Palaeozoic stratigraphy of the study area is 
characterised by continuous successions of Carbonif¬ 
erous and Permian sedimentary rocks. A typical 
example of these successions is exposed at the 
Shangheyan section in the Zhongwei area, Ningxia 
Province (Fig. 1C). At this section, the lower 
Pennsylvanian is assigned to the Yanghugou Forma¬ 
tion (Ningxia Geological and Mineral Resources Bu¬ 
reau, referred to as NGMRB hereafter, 1990), which 
comprises alternating sandstone, mudstone and lime¬ 
stone with minor interbedded coal seams (Fig. 2). This 
formation contains both macro plant fossils (Wu ct al. 
1987) and palynomorphs (Zhu 1995). both pointing to 
a Westphalian (Moscovian) age. The upper part of the 
Pennsylvanian corresponds to the lower Taiyuan For¬ 
mation and is lithologically composed of interbedded 
mudstone, sandstone and thin-bedded argillaceous 
limestone (Fig. 2). The Carboniferous-Permian bound¬ 
ary is placed at the base of Bed 26 within the lower 
Taiyuan Formation (Fig. 2) where it is marked by the 
first appearance of the earliest Permian fusulinid of 
the Pseudoschwagerina Zone (NGMRB 1990). 

All described specimens were collected from the 
calcareous mudstone and argillaceous limestone at 
the Shanghcyan section (Bed 27 in Fig. 2), just below 
the Carboniferous-Permian boundary. Besides the 
species described here, we have also identified some 
other brachiopod species from this bed: Enteletes 
sp„ Neochonetes carbonifems (Keyserling), N. cf. 
uralicus (Chemyschev), Echinoconchella elegans 
(McCoy), Antiquatonia taiyuanfuensis (Chao), 
Brachythyrina tala Chao, and B. strangwaysi (de 
Verneuil). Most of these species arc common ele¬ 
ments for the Bashkirian to Gzhelian sequences of 
South China and North China (Chao 1927, 1929; Fan 
& He 1999). The associated fusulitiids include spe¬ 
cies of Triliciles and Ozawainella, and have been 
correlated with Gzhelian fusulinid assemblages of 
North China and South China (NGMRB 1990). In 
light of the fusulinids, we can confidently assign the 
Shangheyan brachiopod fauna from bed 27 to the 
Gzhelian (Fig. 2). 
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ORIGIN AND MIGRATION OF 
HEX1PRODUCTUS, CO MPA NTERIS, 
ADMOSKOVIA AND KOZLOWSKIA 

Hexiproductus gen. nov. 

Hexiproducliis gen. nov. only contains the type species, 
which first occurred in the Moscovian of the NCB 
(Chao 1925, 1927). Outside North China, the genus 
also appeared in the Asselian of Guizhou of South 
China, the Gzhelian of the IICT, the Kasimovian to Art- 
inskian of the Tarim Basin in northwest China, the 
Kasimovian-Asselian of the Fergana Basin of Central 
Asia (Kazakhstan Block), and in the Moscovian-Kasi- 
movian of the Cantabrian Mountains, North Spain 
(Tabic 1). These occurrences suggest that the genus was 
endemic to the NCB in the Moscovian, then dispersed 
easterly to the South Kitakami block of northeast Japan 
and southerly to the SCB of the Cathaysian Province in 
latest Carboniferous to earliest Permian times, and 
westerly to South Europe of the Western Tethyan Prov¬ 
ince from the Kasimovian to Asselian times probably 
via intermediate stepping stones such as the HCT, Tarim 
Basin and Kazakhstan (Fig. 3, Table 1). 


Companleris 

Four species arc currently known from Companleris: 
C. aljutovensis Lazarev, C. m/nor(Ivanov), c. okensis 
(Ivanov) and C. ningxiaensis sp. nov. Of these C. 
minor is recorded in the late Bashkirian, C. okensis 
in the early Moscovian, and C. aljutovensis in the 
Bashkirian to Moscovian. These three species are en¬ 
demic to the Moscow Basin. C. ningxiaensis is known 
only from the Gzhelian of the 1 ICT. As such, Com¬ 
panleris was apparently confined to the northwestern 
margin of the Palaeotethys in the Late Carboniferous 
(Fig. 3). 

In light of the presence of a prominent dorsal di¬ 
aphragm and fine ribbing, we agree with Lazarev's 
(1981) suggestion that Produclus is likely the ances¬ 
tor of Companleris. and that the evolutionary transi¬ 
tion occurred in the early Bashkirian in the Moscow 
Basin. Soon after its origination, Companleris be¬ 
came diversified in the Moscow Basin throughout 
the late Bashkirian to early Moscovian. At present, it 
is not clear how the genus arrived in the I ICT during 
Moscovian-Gzhelian times because of lack ofrecords 
of the genus from the intervening areas between the 


Table I. Stratigraphical and geographic distributions of Hexiproductus gen. nov. 


Species 

References 

Age 

Occurrences 

H. echidniformis (Grabau) 

Chao, 1925, 1927 

Moscovian-Kasimovian 

North China 

//. echidniformis (Grabau) 

Chao, 1927, 1928;Ozaki, 1931 

Assclian-Sakmarian 

North China 

//. echidniformis (Grabau) 

Chao, 1927; Ding & Qi, 1983 

Kasimovian 

I ICT. North China 

//. echidniformis (Grabau) 

This study 

Gzhelian 

HCT, North China 

H. ecidniforms (Grabau) 

Ozaki, 1931 

Asselian-Sakmarian 

Cantabrian Mts, North Spain 

//. echidniformis (Grabau) 

Chao. 1927; NGMRB, 1990 

Assel ian-Sakmarian 

HCT, North China 

11. echidniformis (Grabau) 

Zhang et al., 1983; Zhan & Wu. 

1987 

Gzhelian-Sakmarian 

Tarim Basin, NW China 

H. echidniformis (Grabau) 

Wang. 1995; Chen, 2001; 

Artinskian 

Tarim Basin, NW China 

//. echidniformis (Grabau) 

Chen & Shi. 2002; 

Sakmarian-Artinskian 

Tarim Basin, NW China 

//. echidniformis (Grabau) 

Li et al., 1986 

Asselian 

South China 

H. echidniformis (Grabau) 

Volgin, 1960 

Gzhelian-Asselian 

Fergana, Uzbekistan 

11. echidniformis (Grabau) 

Martinez Chacon, 1979, 1988, 1990 

Moscovian-Kasmovian 

Cantabrian Mts, North Spain 

11. echidniformis (Grabau) 

Winkler Prins, 1868 

Moscovian-Kasmovian 

Cantabrian Mts, North Spain 

H. echidniformis (Grabau) 

Martinez Chacon, 1979, 1988, 1990 

Moscovian-Kasmovian 

Cantabrian Mts, North Spain 

11. echidniformis (Grabau) 

Martinez Chacon in Villa et al., 

1993 

Moscovian-Kasmovian 

Cantabrian Mts, North Spain 

H. aculeatus Martin var. 
(Schellwien) 

Schellwien, 1892 

?Gzhclian 

Cantabrian Mts, North Spain 

H. aculeatus Martin 

Schellwien, 1900 

Permian 

Cantabrian Mts, North Spain 

H. echidniformis (Grabau) 

Martinez Chacon & Winkler Prins, 
1985 

Moscovian-Kasimovian 

Cantabrian Mts. North Spain 
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Fig. 3. Pennsylvanian palaeogeographical distribution, centres of origin and migratory paths of Hexiproductus gen. nov., 
Companteris Lazarev, 1981 and Admoskovia Lazarev. 2000b. Abbreviations for tectonic blocks are: A., Alashan block; HCT, 
Hexi Corridor Terrane; NC'B, North China Block; T„ Tarim Basin; Q., Qaidam Basin. Presence of Hexiproductus , 
Companteris and Admoskovia include: I. Moscow Basin; 2, Hexi Corridor Terrane of North China; 3, Taiyuan of North 
China; 4, Guizhou of South China; 5. Tarim Basin of northwest China; 6. Fergana Basin of Uzbekistan; 7, Cantabrian 
Mountains of Spain. The black bold lines with arrows indicate migratory direction and paths of Hexiproductus-. the gray 
bold line with arrow illustrates the migratory direction and path of Companteris', and the dash line with arrow displays the 
migratory direction and path of Admoskovia. The palaleogcographical base map is based on Scotese & McKerrow (1990). 


HCT and Moscow Basin. One possible migration 
path would be via Kazakhstan and/or Tarim Basin 
(Fig. 3), but this needs substantiation of fossil records 
of this genus from these two areas. 


Admoskovia 

Admoskovia first evolved and rapidly diversified 
during the Moscovian in the Moscow Basin (Lazarev 


Table 2. Species composition and stratigraphical and geographic distributions of Admoskovia Lazarev, 2000b. 


Species 

References 

Age 

Occurrences 

A. peskiensis Lazarev 

Lazarev. 2000c 

Moscovian 

Moscow Basin, Russia 

A. olegi (Ivanova) 

Sarychcva & Sokolskaya, 1952 

Moscovian 

Moscow Basin, Russia 

A. olegi (Ivanova) 

Lazarev, 2000a, b 

Moscovian 

Moscow Basin, Russia 

/). aljutovensis Lazarev 

Lazarev, 2000b 

Moscovian 

Moscow Basin, Russia 

A. parva Lazarev 

Lazarev, 2000b 

Moscovian 

Moscow Basin, Russia 

A. obraszoviensis (Ivanov) 

Ivanov, 1935; Lazarev, 2000b 

Moscovian 

Moscow Basin, Russia 

/). schurovensis Lazarev 

Lazarev, 2000b 

Moscovian 

Moscow Basin, Russia 

A. inflatiformis (Ivanov) 

Ivanov, 1935: Lazarev, 2000c 

Moscovian 

Moscow Basin. Russia 

A. tenuispinata Lazarev 

Lazarev, 1990. 2000c 

Moscovian 

Moscow' Basin, Russia 

A. makhlinae Lazarev 

Lazarev, 2000c 

Moscovian 

Moscow Basin, Russia 

A. alekseevi Lazarev 

Lazarev, 2000c 

Moscovian 

Moscow Basin, Russia 

A. ivanovorun Lazarev 

Lazarev, 1990, 2000c 

Moscovian 

Moscow Basin, Russia 

A. yatzengi n. sp. 

Chao, 1927; This study 

Gzhelian 

HCT, North China 
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2000b), with 12 species endemic to this basin. Ex¬ 
cept for a yet undescribed Amoskoyia species from 
the upper Bashkirian-lower Moscovian of the Can¬ 
tabrian Mts in Spain (M. L. Martinez-Chacon 2007, 
pers. comm.) only one other species is known out¬ 
side its centre of origin: A. yatzengi sp.nov. from the 
Gzhelian of the HCT (Table 2). This distribution pat¬ 
tern mirrors that of Companteris just described. The 
presence of the genus in the HCT implies that east¬ 
ward dispersal of the genus took place in the latest 
Moscovian to early Gzhelian, most likely via Kaza¬ 
khstan and/or Tarim Basin (Fig. 3, Table 2). 

Kozlowskia 

Stratigraphic andpalaeogeographical distributions. A 
total of 48 Kozlowskia species, both named and un¬ 
named. have been described in the world (see species 
list in Table 3). The possible, oldest species of Kozlows¬ 
kia is known from Member H of the Diamond Peak 
Formation of the Diamond Peak area, Nevada (Gordon 
in Brew' 1971). Although he did not apply a formal 
name to the Nevada specimens, Gordon (in Brew 1971: 
47) stated that ‘this Mississippian Kozlowskia is also 
locally abundant at the top of the Chainman Shale in 
the Confusion and Conger Ranges in western Utah - . 
Both the Diamond Peak Formation and Chainman 
Shale were assigned a late Cherstian age (Brew 1971), 
which has been equated to the earliest Pennsylvanian 
(Henry & Gordon 1992). The slightly younger species 
is K. haydenensis (Girty) from the Morrowan (Penn¬ 
sylvanian) in New Mexico (Sutherland & Harlow 
1973). Other Pennsylvanian species include K. splend- 
ens (Norwood & Pratten) and K. montgomeryi Suther¬ 
land & Harlow, both are common in the Pennsylvanian 
sequences of North America (Table 3). K. splendens 
has also been described from the Atokan (early Mosco¬ 
vian) of the Ellesmere Island in Arctic Canada (Carter 
& Poletaev 1998). In South America, K.petrii Mcndcs 
occurs in the middle Pennsylvanian of northern Brazil 
(Mendes 1959). 

Outside America, Kozlowskia species arc particularly 
common in the Pennsylvanian of Europe. For instance, 
eight species have been described from the Bashkirian to 
Kasimovian of the Cantabrian Mountains, Spain (Table 
3). In Russia, a great number of Kozlowskia species have 
long been documented from the Moscovian of the 
Moscow and Donets Basins (Ivanov 1935, Sarycheva 
& Sokolskaya 1952; Rotai 1952), but all of them 
were originally assigned to Pmductus or Maiginifent. 
More recently, Lazarev (1984, 1990) altered seven 


'Maiginifent' species of Ivanov (1935) to Kozlowskia. 
Twelve of the 18 ‘ Xfdrginifera' species described by 
Rotai (1952) from the Donets Basin are also convertible 
to Kozlowskia judging by their figured and described 
characteristics. In northwest China, K. sinica Wang & 
Yang (1998) has been described from the Moscovian 
Shiqiantan Formation of the Junggar Basin, Xinjiang; 
and K. ningxiaensis sp. nov. is recorded herein from the 
Gzhelian of the HCT (see below). 

Early Permian Kozlowskia attained much wider 
distribution than it was in the Carboniferous. Besides 
persisting through in North America (Stehli 1954; 
Cooper & Grant 1975; Shi & Waterhouse 1996), Ko¬ 
zlowskia became highly diversified in Bolivia and 
Peru (d’Orbigny 1842; Kozlowski 1914; Newell et 
al. 1953). In addition, the genus has also been re¬ 
ported from the Lower Permian of Spitzbergen 
(Czarniccki 1969), the Urals-Timan region of Russia 
(Chernyschev 1902), Fergana Basin of Central Asia 
(Volgin 1960), Tarim Basin of northwest China 
(Wang & Yang 1993, 1998), the HCT and northern 
NCB (Chao 1927). The youngest species of Kozlows¬ 
kia occurs in the Middle Permian of southern Thai¬ 
land (Grant 1976), Malaysia (Sone et al. 2001) and 
northeast Japan (Koizumi 1979). 

Diversity trend. The origination of Kozlowskia seems 
to have taken plaee immediately after the mid-Car- 
boniferous catastrophic extinction (Ncmirovskaya & 
Nigmadganov 1994; Walliser 1996). Thereafter, the 
species diversity of Kozlowskia gradually increased 
toward the middle Bashkirian. then followed by a 
phase of abrupt increase in the late Bashkirian to early 
Moscovian, reaching its diversity acme (21 species) in 
the late Moscovian (Fig. 4). This was then succeeded 
by a sharp decline through Kasimovian-Gzhclian till 
the end of the Carboniferous. However, across the 
Carboniferous-Permian boundary, the species diver¬ 
sity of Kozlowskia was back on the rise again through 
the early part of the Early Permian till the Artinskian 
when it attained its second species diversity peak 
(Fig. 4). The trend was then reversed, abruptly, towards 
a major extinction at the end of the Artinskian through 
to the Kungurian. So far, no record of Roadian Ko¬ 
zlowskia is known from anywhere in the world. This 
may mean that the Roadian may represent an eclipse 
stage of this Early Permian mass extinction event. Cu¬ 
riously, however, Kozlowskia emerged again in the 
Wordian with a set of predominantly new species 
(Table 3). Only one Kozlowskia species persisted into 
the Capitanian, and none had crossed the Middle 
(Guadalupian)-Late (Lopingian) Permian boundary. 


Table j. Species composition and occurrences of Kozlowskia Muir-Wood & Cooper, 1960. 
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Table 3 (continued). Species composition and occurrences of Kozlowskia Muir-Wood & Cooper, 1960. 
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Table 3 (continued). Species composition and occurrences of Kozlowskia Muir-Wood & Cooper, 1960. 


NEW LATEST CARBONIFEROUS BRACHIOPODS FROM THE HEXI CORRIDOR TERRANE 285 












& 


£ 




CQ 


CQ 


CO 


CQ 


CQ 


CQ 


CQ 


CQ 


CQ 


CQ 


•c 


CQ 


W 


CQ 






V 


v oo 

© CO 

2 2 


<*4 






u 




So 












































Table 3 (continued). Species composition and occurrences of Kozlowskia Muir-Wood & Cooper, 1960. 
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Fig. 4. Species diversity trend of Kozlowskia Fredericks, 1933 throughout its evolutionary history. 


The temporal species diversity trend (Fig. 4) of 
Kozlowskia suggests that it went through two periods 
of diversification and two stages of extinction: the 
first diversification occurred in the Moscovian, fol¬ 
lowed by a sharp decline in diversity at the Moscov- 
ian-Kasimovian boundary; and the second major 
diversification took place in the Artinskian, which was 
followed immediately by an abrupt reduction in diver¬ 
sity across the Artinskian-Kungurian boundary. A 
third, minor diversification of Kozlowskia occurred in 
the Wordian (Fig. 4). In this context, however, it should 
be noted that the apparent decline of Kozlowskia spe¬ 
cies diversity at the end of Moscovian could be an ar¬ 
tefact, as many Kasimovian brachiopod faunas from 
the Cantabrian Mts anti the Russian Platform have not 
yet been properly described or recently revised (Cor F. 
Winkler Prins, pers. comm. 2007). 

Palaeobiogeographical distribution. After its origina¬ 
tion in the earliest Bashkirian, Kozlowskia became 
rapidly diversified in the Moscovian with species ap¬ 
pearing not only in Europe, but also extending to 
North America, Arctic Canada, and the western and 
northern margins of the Palaeotethys. By Artinskian, 
the palaeogeographical distribution of Kozlowksia had 
become further expanded, now reaching South Amer¬ 


ica. By Wordian through to the Capitanian, the genus 
had made its way to southern Thailand (Shan-Thai 
Terranc) and Indochina (Fig. 5). It is interesting to 
note, however, that Kozlowskia remains unknown 
from South China. It is unclear at present whether this 
is due to sampling deficiency or a reflection of a true 
underlying palaeobiogeographical pattern. The former 
is considered less likely given the fact that Carbonifer¬ 
ous and Permian brachiopod faunas are well known 
and have been extensively documented in monographs 
or regional fossil atlases. On the other hand, if the ab¬ 
sence of Kozlowskia in South China is genuine, the ar¬ 
rived of this genus in the Shan-Thai Terranc in the 
Wordian and Indochina in the Capitanian must have 
occurred via a southwesterly migration route from the 
Western Tethyan Province (Fig. 5). 

Also of note is the occurrence of a Wordian Ko¬ 
zlowskia species in the South Kitakami Belt of north¬ 
east Japan (Fig. 5). This occurrence would suggest 
that an eastward dispersal of Kozlowskia also oc¬ 
curred in the northeastern part of the Palaeotethys. 
along the northern shelf margin of the NCB (Fig. 5). 
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Fig. 5. Pcnnsylvanian-Perraian palaeogeographical distribution and inferred centre of origin and migratory paths of 
Kozlowskia Fredericks, 19.13. Abbreviations for tectonic blocks are as for Fig. 3. Presences of Kozlowskia include: /, 
Nevada-Oklahotna-New Mexico; 2. Appalachian Basin (including Ohio); 3, Cantabrian Mountains (including the Central 
Asturian Coal Basin of Spain); 4, Glamorgan of Britain; 5, Carnic Alps. Austria; 6, Donets Basin of Russia; 7, Moscow 
Basin of Russia; S, Urals-Timan region; 9. Fergana Basin of Uzbekistan; 10. Junggar Basin of northwest China; 11. HCT of 
northwest China; 12. Tarim Basin of northwest China; 13. northern part of North China; 14. South Kitakami Mountains of 
northeast Japan; 15. Spitsbergen (Norway); 16. Yukon Territory, western Canada; 17, Ellesmere Island, Arctic Canada; 13, 
western Texas, USA; 19. North Brazil; 20, North Peru; 21. Yarbichambi of Bolivia; 22. southern Thailand; 23. central 
Peninsular Malaysia (Indochina block). The bold lines with arrows show the migratory directions and paths of Kozlowskia', 
the dashed line with arrow indicates the inferred migratory direction and paths of Kozlowskia. The palaeogeographical map 
is modified from Scotese & McKerrow (1990) and Ziegler ct al. ( 1998). 


IMPLICATIONS FOR PALAEOGEOGRAPHY 
OF THE HCT 

With respect to the palaeogeographical relationship be¬ 
tween the HCT and NCB, two current views are under 
dispute. Gc & Liu (2000) considered that the HCT was 
independent from the NCB. and was actually closer to 
the Qaidani Block and Tarim Basin in pre-Devonian 
times because the latter two share significant 
similarities with the HCT in their Neoprotcrozoic 
basement and overlying Palaeozoic platform covers. In 
contrast, tectonic studies and palaeomagnetic con¬ 
straints (Zhao ct al. 1993; Huang et al. 1999, 2001) 
suggest that the HCT had been the western extension 
of the NCB since middle Cambrian. In our present 
study, the palaeobiogeographical data summarised 
above may offer significant insight into this debate and 
provide critical data to constrain the current models. 

As far as the Carboniferous and Permian brachi- 
opod faunas are concerned, the brachiopod provinci¬ 
ality of the HCT is clearly distinct from the NCB 
because in the latter the unique association of Ko¬ 


zlowskia, Companteris and Admoskovia is absent. 
On the other hand, there were strong brachiopod 
faunal connections between the HCT, the Moscow 
Basin and Central Asia, suggesting free and relatively 
easy migration pathways between these regions 
during the Pennsylvanian to Early Permian. The 
palaeobiogeographical distinction between the HCT 
and NCB interpreted from the brachiopod data is 
strongly corroborated by Late Palaeozoic floral data. 
The HCT floras are characterised by containing 
mixed Euramcrican/Cathaysian floral elements in 
the Pennsylvanian, but mixed Cathaysian/Angaran 
forms in the Early Permian, while the NCB is con¬ 
sistently typical of the Cathaysian floral province 
throughout the Late Palaeozoic (Li et al. 1974; Wu & 
Zhao 1982; Li & Wu 1996). 

Nevertheless, the palaeobiogeographical distinc¬ 
tion between the HCT and NCB docs not necessarily 
suggest significant palacolatitudinal, hence palaeo- 
climatic, separation between the two blocks. A recent 
palaeomagnetic study suggests that both HCT and 
NCB were likely positioned at the same palaeolati- 
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tude at about 33.3°N in the Carboniferous (Huang et 
al. 2001). If we take this as a reliable indication of 
the palaeolatitudinal positions of both blocks, the 
palaeobiogeographieal difference between them 
must be accounted for by palaeogeographical separa¬ 
tion in a longitudinal sense. This means that the HCT 
was geographically not connected with the NCB; 
rather it was likely an isolated terrane situated west 
of the NCB and east of Kazakhstan, and therefore 
occupied an intervening geographical position be¬ 
tween the NCB and Laurasia during Pennsylvanian- 
Early Permian times (Figs 3 and 5). Accordingly, it 
must have been due to this intermediate position of 
the HCT that two-way biogcographical migrations 
took place across the HCT, in which some taxa (e.g., 
Kozlowskia) front Europe and the Moscow Basin 
could extend its distribution ranges eastwards to the 
NCB, while others such as Hexiproductus gen. nov. 
managed to have dispersed from its origin in the 
NCB, via the HCT, to Central Asia and southern Eu¬ 
rope. This two-way biogeographical traffic pattern 
using the HCT as a stepping stone is also evident in 
the contemporaneous lloral data. As stated above, 
the mixed nature of Carboniferous-Pcrmian floras of 
the HCT strongly indicate that the Euramerican and 
Angaran floral provinces had merged here in the 
Pennsylvanian, while the Cathaysian and Eurameri¬ 
can floral provinces merged in the Early Permian, re¬ 
sulting in, in both cases, blurred (or overlapping) 
biogeographical boundaries and formation of floras 
of mixed phytogeographical affinities (Ouyang et al. 

1993; Yao 1991; Fluteau et al. 2001). 

SYSTEMATIC PALAEONTOLOGY 

Repository of illustrated specimens. The described 
and figured specimens are registered with the prefix 
NMV P, housed in the Department of Invertebrate 
Palaeontology, Museum Victoria, Melbourne. 

Terms and classification. All morphological terms of 
the Productida in current use follow those of Williams 
and Brunton (1997) and Brunton and Lazarev (1997). 
The classification of the Productida is after Brunton et 
al. (2000) and Lazarev (2000a, 2000b, 2000c). 

Phylum BRACHIOPODA Dumeril, 1806 
Subphylum RHYNCHONELLIFORMEA Williams, 

Carlson, Brunton, IIolmer& Popov, 1996 
Class STROPHOMENATA Williams, Carlson, 
Brunton, Holnier & Popov, 1996 


Order PRODUCTIDA Sarycheva & Sokolskaya, 1959 
Suborder PRODUCTIDINA Waagen, 1883 
Superfamily PRODUCTOIDEA Gray, 1840 
Family PRODUCTELL1DAE Schuchert in 
Schuchert & LeVene, 1929 
Subfamily MARGINIFERINAE Stehli, 1954 
Tribe PAUCISPINIFERINI Muir-Wood & Cooper, 
1960 

Genus Hexiproductus Chen & Shi gen. nov. 

Tvpe species. Avonia echidniformis Grabau in Chao 
1925:239, pi. 2, figs 7-9. 

Diagnosis. Medium productcllid with concavo-con¬ 
vex profile and shallow corpus cavity, transversely 
oval outline; concentric rugae on both valves, con¬ 
spicuous posteriorly, weakening anteriorly; ventral 
spines only; spines scattered on rugae, with elongate 
spine bases tending to become weak, incipient ribs, 
originating anterior to umbo; dorsal interior with 
bilobed cardinal process; lateral ridges thick, high, 
extending laterally along hinge; ear baffles present, 
without marginal ridges; median septum thin, ex¬ 
tending to midlength of disk. 

Etymology. He.xi , prefix, for the Flexi Corridor of 
northwest China, the study area of this paper; produc- 
tus is a well known, long established productid genus. 

Discussion. When proposing Avonia echidniformis , 
Chao (1925) also referred the following species to 
Avonia Thomas, 1914: A. grabaui Chao, A.'! ki- 
angsiensis (Kayser), and A.? chianensis Chao. Later, 
Chao (1927) also recognised two other species as rep¬ 
resentatives of Avonia: Productus spinulosus Sow- 
erby, and P. aculeatus Sowerby. Except for the Lower 
Carboniferous A. grabaui , which remains too poorly 
known to evaluate its generic identity, all the other 
species were later designated as the type species of 
new genera; A.? kiangsiensis is the type species of 
Haydenella Reed 1944; A .? chianensis the type of 
Chianella Waterhouse, 1975; Productus spinulosus 
Sowerby the type species of Krotovia Fredericks, 
1928; and P. aculeatus Sowerby the type species of 
Quasiavonia Brunton, 1966. Subsequently, the con¬ 
cept of Chao’s ‘ Avonia' is obviously different from 
that later emended by Brunton (1966) and Brunton et 
al. (2000). Among the five genera mentioned above 
including Avonia , Haydenella is allied most to the 
Productininae because of its full and consistent rib¬ 
bing; Chianella has been assigned to the Linoproduc- 
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toidea as it possesses completely different external 
ornamentation and internal structures to the other 
genera under question; and Krotovici is defined by its 
randomly arranged, suberect spines and absence of 
costae (Bninton 1966). Both Ouasiavonia and Avonia 
lack true ribbing on their shell surface, with Avonia 
having additional distinctions in having an elongate 
outline, well-developed lamellae and a much shal¬ 
lower corpus. Unlike any known species of type Avo¬ 
nia as emended by Brunton (1966) and Brunton cl al. 
(2000), ‘ Avonia' echidnifonnis has distinctive ribbing 
and is therefore not suitable for Avonia or any other 
known allied genera. 

The type species of Breileenia Brunton (in Brun¬ 
ton & Lazarev 1997), B. davidsoni (Jarosz, 1917), is 
externally most similar to ‘ Avonia' echidnifonnis. 
This similarity has caused some confusion. For ex¬ 
ample, Sokolskaya (1948) assigned several dorsally 
spinose specimens to Avonia echidnifonnis , but her 
specimens, as pointed out by Brunton (in Brunton & 
Lazarev 1997), are actually closer to B. davidsoni as 
true "Avonia' echidnifonnis is only ventrally spinose. 
Our re-examination of the type specimens of 'Avo¬ 
nia' echidnifonnis. housed in the Nanjing Institute of 
Geology and Palaeontology, revealed additional sig¬ 
nificant differences between Hexiproductus and 
Breileenia : the former being more transversely oval 
in shape, strongly rugose and persistently ribbed 
compared to B. davidsoni. 

Brunton and Lazarev (1997) also tentatively re¬ 
ferred Chao’s 'Avonia' echidnifonnis to Hystriculina 
Muir-Wood & Cooper. 1960. However, Hystriculina 
possesses true, consistent costae anti row of spines 
on each timbonal flank, lacks rugae and elongate 
spine bases on the disk, and thus cannot include 
echidnifonnis. 

The new genus is also closely comparable with sev¬ 
eral other allies in external features, notably Overtonia 
Thomas. 1914, Desmoinesia Hoare, I960; Sandia 
Sutherland & Harlow. 1973; and EUiottella Stehli, 
1955. Of these, Overtonia is an Early Carboniferous 
genus and differs from the new genus in possessing a 
flat dorsal valve and concentrically arranged spines and 
lack of ribbing. The Late Carboniferous Desmoinesia 


and Sandia both possess a transversely oval outline and 
irregular costae and elongate spine bases, and thus ap¬ 
proach the new genus, from which both American gen¬ 
era are distinguishable in having more consistent and 
broader costae and dorsal spines. The Early Permian £7- 
liottella has a transverse outline, lacks dorsal spines 
(like the new genus), but it is differentiated by its true 
costae and lack of elongate spine bases. 

Hexiproductus echidnifonnis (Grabau in 
Chao, 1925) 

Figs 6A-6D 

Productus echidniforme Grabau (in Norin 1922): 44; 
Chao & Tien, 1924: 75. 

Avonia echidnifonnis (Grabau); Chao 1925: 239, pi. 
2, figs 7-9; Chao 1927: 120. pi. 14, figs 17- 
27; Chao 1928: 55, pi. 6, fig. 7; Ozaki 1931: 
108, pi. 10, figs 6-9; Nakamura 1959. p. 
201, pi. L figs 2-8; Volgin 1960: p. 47, pi. 4, 
fig. 4; Martinez Chacon, 1979: 139, pi. 13, 
figs 9-14; Kalashnikov 1980: 43, pi. 9, figs 
3-5; Martinez Chacon & Winkler Prins 
1985: p. 438, pi. 1, fig. 8; Martinez Chacon 
1988: 14; Martinez Chacon 1990: 100; 
Zhang et al. 1983: 286, pi. 131, fig. 1; Li et 
al. 1986: pi. I, fig. 23; Zhan & Wu 1987: 
203, pi. 47, figs 23-25; Wang 1995: pi. 1, 
fig. 4; Chen & Shi 2002: 299, fig. 4J. 
Productus (Avonia) echidnifonnis Grabau in Chao; 

Licharew 1938: 38, pi. 1, figs 8-9. 

Avonia (Ouasiavonia) echidnifonnis (Grabau in Chao); 

Winkler Prins 1968: 78. pi. I, figs 21-22. 
Breileenia echidnifonnis (Grabau); Chen 2001, pl. 4, 
figs 17-18; Chen & Shi 2006, p. 137, pl. I, 
figs 13-14, text-fig. 10. 

Description. Medium size for genus; transversely sub¬ 
oval in outline; nearly semicircular in profile; hinge- 
line straight, slightly narrower than greatest width at 
midvalve; ears small and rounded, gradational to 
flanks; cardinal extremities obtuse. Ventral disk evenly 
convex, strongly curved anteriorly, but not geniculate; 
greatest convexity at umbonal region; beak extremely 


Fig. 6 (at right). A-D, Hexiproductus echidnifonnis (Grabau in Chao 1925). A, NM V P309595, broken dorsal external 
mould; B-D, NMV P309596, a ventral valve in anterovenlral, posterovcntral and lateral views, all *1.5. E-K. Admoskovia 
yatzengi sp. nov. E-F, NMV P309613 (holotypc), a dorsal valve in interior views, xl, >'1.2 respectively. G, NMV P309615. 
an external mould of a dorsal valve, x]. H, NMV P309617, a broken dorsal valve in interior view, xl, I, NMV P309616. an 
incomplete ventral valve (paratype) in posterovcntral view, *1. J-K, NMV P309614, a dorsal external mould in lateral and 
posterior views, *1. L-R, Kodowskia nihgxiaensis sp. nov. L-M. P-Q, NMV P309610, a complete specimen (holotypc) in 
anterovenlral, dorsal, posterovcntral and lateral views; all xl. N, NMV P309611, a ventral valve in ventral view, xl. O, R, 
NMV P3096I2, a dorsal valve (paratype) in interior view, xl, xl.6 respectively. 
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pointed and strongly incurved, overhanging hingeline; 
venter flattening medially to slightly concave, serving 
as median sulcus; lateral flanks steep. Dorsal valve 
fairly concave, geniculate anteriorly; corpus cavity 
fairly deep. Ventral exteriors with thin, erect spines; 
spine bases elongate anteriorly, forming punctuated 
costae, about 5-6 in 10 mm at frontal margin of ven¬ 
tral disk, bearing numerous spines, which project an¬ 
teriorly. Dorsal external ornament similar to those of 
ventral valve but without spines; cardinal process 
bilobate; dorsal lateral ridges thick, high, extending 
laterally along hinge; ear baffles present, without mar¬ 
ginal ridges; median septum thin, extending to mid¬ 
length of disk. Other details not observed. 

Material examined. Figured specimens include 
NMV P309595 and NMV P309596. The type speci¬ 
men (Cat No. 894; see also Chao 1925, pi. 2, figs 7- 
9; 1927, pi. 14, fig. 17), from the Hsiehtao Limestone 
of Taiyuan. Shansi, North China, deposited in the 
Nanjing Institute of Geology and Palaeontology, 
Chinese Academy of Sciences, was re-examined by 
Z. Q. Chen in 2000. 

Discussion. The morphological features described 
above arc based on observations of an incomplete 
dorsal internal mould figured here and the type spec¬ 
imen of the species housed in the Nanjing Institute of 
Geology and Palaeontology, Chinese Academy of 
Sciences, Nanjing, China. As a species name, Pro- 
ductus echidniformis first occurred in a fossil list 
provided by Grabau (in Norin 1922: 44), but the spe¬ 
cies was not defined until 1925 when Chao provided 
a full description and illustration, and later Chao 
(1927) selected a type specimen. Nevertheless, here 
we follow Chao (1925, 1927) in allocating the au¬ 
thorship of the species to Grabau. 

Hexipmductus echidniformis may be confused with 
species of Breileenia especially when details of the dor¬ 
sal ornament are not preserved. In this regard, other 
morphological features would be particularly useful for 
discrimination. In general, II. echidniformis may be dis¬ 
tinguished from Breileenia ntdiata Brunton (in Brun- 
ton & Lazarev 1997: 389, figs 5.12-5.21) by its more 
transverse outline, persistent ribbing and elongate ven¬ 
tral spine bases; from the early Scrpukhovian B. sary- 
tchevae (Sokolskaya 1948: pi. 8, figs 12-13) by the 
presenee of concentric ornaments; and from B. minne- 
wankensis (Shinier) of Carter (1987: pi. 7, figs 22-26) 
by its more transverse outline, less pronounced ribs and 
stronger rugae. Specimens attributed to Avonia' echid¬ 
niformis by Sokolskaya (1948) and Sarycheva & Sokol¬ 


skaya (1952) have been transferred to Breileenia by 
Brunton & Lazarev (1997). Other specimens named 
7L’ echidniformis from Fergana (Volgin I960) and 
Spain (Martinez Chacon 1990) arc tentatively retained 
within Hexipmductus echidniformis because it is un¬ 
known whether or not these specimens have any dorsal 
spines. 

Family PRODUCTIDAE Gray, 1840 
Subfamily PRODUCTINAE Gray, 1840 
Tribe PRODUCT1NI Gray, 1840 

Genus Companions Lazarev, 1981 

Type species. Companions aljutovensis Lazarev 

1981: 81, pi. 9, figs 1-13. 

Diagnosis. Small and suboval Productini; lateral pro¬ 
file subcircular; dorsal valve geniculate with two 
trails; dorsal diaphragm conspicuous; spines ar¬ 
ranged along hinge, over ventral disk, trail, and ears; 
dorsal adductor scar platforms elevated. 

Discussion. The genus was erected on the basis of 
more than 200 specimens from the Bashkirian to 
Moscovian of the Moscow Basin. There is great vari¬ 
ability among these Russian specimens in terms of 
costation pattern (Lazarev 1981: 80). However, La¬ 
zarev (1981) treated these morphological variations 
as of only intraspecific significance and hence as¬ 
signed all of them to the type species C. aljutovensis. 
Our specimens are closer to the coarsely ribbed C. 
aljutovensis on account of their similar costation 
strength and internal structures. 

Companteris approaches small Diaphmgmus Girty, 
1910 in having similar external ornamentation and 
prominent diaphragm structure in the dorsal valve, but 
Girty's genus has numerous, overlapping diaphragms in 
the dorsal valve and a much shallower corpus cavity. 
The small specimens of both Lopasina llikhovsky in 
Lazarev, 1990 and Catiinia Gordon, 1971 arc also 
somewhat comparable with Companteris, all character¬ 
ised internally by the presence of diaphragms, but the 
former two are much larger and more coarsely ribbed 
when compared with Companteris. 

Companteris hexiensis sp. nov. 

Figs 7A-7M 

Etymology. For the llexi Corridor region where the 
described specimens were collected. 
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Fig. 7. A-M, Companleris hexiensis sp. nov. A, NMV P309601. a dorsal internal mould (paratype), showing narrow lat¬ 
eral ridges along posterior margins, a pair of highly raised, tear drop-shaped adductor scars separated by a thin, long median 
septum, x 1.5; B, NMV P309608, an incomplete dorsal external mould. x I. C, NMV P309599, a ventral external mould, * I. 
D, NMV P309600, a ventral valve (holotype) in ventral view, illustrating irregularly spaced costae and conspicuous spines, 
*1. E, NMV P309607, an incomplete dorsal external mould. x l. F, NMV P309602, a dorsal external mould, x 1. G, NMV 
P309603, a dorsal internal mould, *1. H, NMV P309605, an incomplete dorsal internal mould, *1.1, NMV P309598, a dor¬ 
sal external mould, x 1.5. J, NMV P309606, an incomplete dorsal internal mould, x 1; K, NMV P309609, an incomplete dor¬ 
sal external mould, *1. L, NMV P309604, a dorsal external mould, showing bilobed cardinal process and broad marginal 
rims, x|.8. M, NMV P309597, a dorsal external mould, showing broad marginal rims, x|.5. 
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Types. Holotypc, a ventral valve (NMV P309600) 
(Fig. 7D). Paratype. a dorsal internal mould (NMV 
P309601) (Fig. 7A). 

Other material examined. Four incomplete ventral 
valves and fifteen dorsal internal moulds were 
examined, of which two ventral valves and eleven 
dorsal internal moulds are illustrated. 

Diagnosis. Medium to large, finely and regularly 
ribbed Companteris, with rugae on flanks and ears; 
numerous spines over ventral disk, flanks and along 
hinge, and in brushes on ears; spines usually erect at 
high angle to shell surfaces. 

Description. Outline subquadratc to suboval; lateral 
profile subcircular; widest at hingeline; dorsal valve 
strongly geniculate anteriorly; ears broad, flat, separated 
from ventral disk by shallow grooves. Ventral disk 
evenly convex, flattened to slightly concave medially; 
umbo rounded: median sulcus absent; flanks steep. 
Dorsal valve subquadrate to suboval in outline, Hat to 
slightly concave; corpus cavity rather deep; fold absent. 
Ventral costae with interspaces narrower than costae, 
increasing in number by bifurcation and intercalation, 
costae on umbo weak, and more pronounced on trail, 
about 10 in 10 mm at start of protrail; rugae on flanks 
and ears only; numerous spines, about 0.5-0.8 mm in 
diameter, erected in high angle (about 60°-90°) to shell 
surfaces on ventral disk, flanks, hinge and trail, and in 
brushes on ears. Dorsal valve with similar ornament 
to ventral valve, but without spines; rugae more 
pronounced, over dorsal disk. 

Micro-ornament consisting of fine, dense con¬ 
centric growth lines on both valves. Ventral muscle 
scars stripe-shaped. Cardinal process short, bilobed; 
a pair of adductor scars smooth, elongate, nearly par¬ 
allel, elevated on muscle platforms, originating ante¬ 
rior to base of cardinal process, reaching one-third 
disk length; median septum thin, high, long, origi¬ 
nating between adductor scars, extending nearly to 
anterior margin of dorsal disk; diaphragms broad, 
flat, bearing dense concentric growth lines, border¬ 
ing dorsal disk, wider anteriorly, slightly narrower 
laterally; lateral ridges narrow, high, originating from 
base of cardinal process, extending laterally along 
hinge, merging with diaphragms under ears. 

Discussion. This new species represents the first 
record of Companteris known from outside the Mos¬ 
cow Basin. Morphologically, the new species is clos¬ 
est to the coarsely ribbed specimens of C. aljutovensis , 


from which the former may be distinguished in being 
significantly larger, more regularly ribbed and more 
densely spinose. Lazarev (1981) also converted two 
Moscow Basin species, Dictyoclostus'i costatus var. 
minor Ivanov, 1935 and DP. okensis Ivanov, 1935, to 
Companteris. The similarity among C. hexiensis, C. 
minor (Ivanov) and C. okensis (Ivanov) is indicated 
by comparable internal structures and overall appear¬ 
ance, but C. minor is smaller, more globose in lateral 
profile and more coarsely ribbed than C. hexiensis; 
C. okensis is much larger, more transverse and pos¬ 
sesses fine and regularly spaced ribs. 

Type locality and horizon. Shangheyan section of the 
Shangheyan area, Zhongwei City, Ningxia, North¬ 
west China, from the lower Taiyuan Formation. 

Age. Gzhelian, Late Pennsylvanian (latest Carbonif¬ 
erous). 

Tribe KOZLOWSKI1N1 Brunton, Lazarev & Grant, 
1995 

Genus Kozlowskia Fredericks, 1933 

Type species. Productus capacii d’Orbigny 1842: 50, 

pi. 3, figs 24-26. 

Diagnosis. Outline transverse, profile geniculate; cos¬ 
tae and rugae very weak; spines confined to ventral 
valve; a row along hinge, coarser on the end of each 
ear; few halteroid spines symmetrically arranged on 
protrail. Dorsal valve gently concave; corpus cavity 
deep; cardinal process short, broad, bilobatc; median 
septum present; marginal ridges distinct; ear baffles 
well developed. 

Discussion. When redefining the genus, Muir-Wood 
and Cooper (I960: 213) emphasised that the spines of 
Kozlowskia are distributed in a rather consistent pat¬ 
tern, with six halteroid spines symmetrically arranged 
on the ventral exterior. Grant (1976: 117) slightly 
modified the generic definition in order to include his 
new species K. opipara Grant, which is characterised 
by 7 to 10 halteroid spines regularly distributed on the 
protrail. In addition, the presence of weak costae and 
rugae is also characteristic of true Kozlowskia. In the 
type species K. capacii. the costae arc very weak and 
absent on the protrail. However, the definition of Ko¬ 
zlowskia has often been broadened to also include 
species that are strongly ribbed but share similar inter¬ 
nal structures to K. capacii (e.g. Martinez Chacon 
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1979, 1982; Lazarev 1984, 1990). This treatment is 
also adopted here, but it should be noted that our ma¬ 
terial described below is most comparable with the 
type species of Kozlow.ikia. 

The close affinity between Kozlowskia and Adairia 
Gordon, Henry & Treworgy, 1993 is reflected by the 
previous assignment of the type species of Adairia, 
Productus adairensis Drake, to Kozlowskia (Branson 
1962; Gordon 1964). However, Gordon et al. (1993: 
21) argued that the absence of haltcroid spines on the 
ventral exterior of Productus adairensis warrants the 
recognition of a new genus. Within the Kozlowskiini, 
Eomarginifera Muir-Wood. 1930 cannot be confused 
with Kozlowskia as it is more strongly and consistently 
ribbed, and its submarginal ridges weaken anteriorly 
and disappear vcntrally. Minispina Waterhouse, 1982 
clearly differs from Kozlowskia in having more strongly 
reticulate disks, broader and more laterally extending 
ears, and lack of the dorsal trail. Beyond the 
Kozlowskiini. Retimarginifera Waterhouse, 1970 also 
approaches Kozlowskia in many details, but it can be 
differentiated from the latter by its more transverse and 
rectangular outline, a deeper ventral median sulcus that 
is rather deep at the start of the protrail, and more 
consistent concentric and radial ornaments, unlike 
Kozlowskia whose sulcus and fold are always ill-defined 
and usually confined to the start of the protrail. 

Kozlowskia ningxiaensis sp. nov. 

Figs 6L-6R 

Etymology. For the Ningxia Province, where these 
specimens were collected. 

Types. Holotypc, a complete specimen (NMV P309610) 
(Figs 6L-M, P-Q); Paralype, a dorsal valve (NMV 
P309612) with internal structures (Figs 60,6R). 

Other material examined. One ventral valve and one 
dorsal valve. 

Diagnosis. Medium-sized Kozlowskia with subquadrate 
to suboval outline, large ears, and a shallow and narrow 
median sulcus; three coarse spines on protrail. 

Description. Widest at hingclinc; both valves strongly 
geniculate; cars large, separated from disk by narrow 
and deep grooves. Ventral disk subquadrate-shaped, 
gently convex, strongly geniculate anteriorly; beak 
small, pointed, slightly suspending above hingeline; 
umbo gently and evenly convex: Hanks steep; median 
sulcus narrow, shallow, originating from umbo and 


more prominent at start of protrail; protrail long, 
subquadrate in shape, nearly perpendicular to disk. 
Dorsal valve subquadrate in shape, most concave on 
umbo, flattening anteriorly and laterally; corpus cavity 
deep; fold absent. Ventral exterior with weak costae 
and rugae, costae narrowly interspaced, beginning 
anterior to beak, over disk, disappearing on protrail; 
rugae on disk only, forming weak, irregular reticulation 
with costae; spines coarse, haltcroid about 1.5 mm in 
diameter, three on protrail, two on each flank. Ventral 
muscle scars stripe-shaped; marginal ridges broad 
flat. Cardinal process short, bilobed; a pair of dorsal 
adductor scars smooth, broad tear-shaped slightly 
diverging anteriorly, extending about a half disk 
length; breviseptum short, raising between adductor 
scars, starting at middle of adductor scars, extending 
anteriorly to midlength of disk; marginal ridges rather 
broad bordering disk, wider anteriorly, slightly 
narrower laterally; brachial ridges thick, high, hook- 
shaped originating anterior to adductor scars; lateral 
ridges high, thick, extending from base of cardinal 
process, laterally along hinge; car baffles strongly 
developed clearly demarcated separating peripheral 
ear cavities from corpus cavity; dorsal trails well 
developed around the geniculation area of dorsal valve 
(see Fig. 6M); endo-spines indistinct. 

Discussion. None of the American Kozlowskia spe¬ 
cies (sec Table 3) is particularly allied to the new 
species. Type species Kozlowskia capacii (d'Orbigny 
1842; see also Kozlowski 1914. pi. 2, figs 1-15; pi. 
5, fig. 13; Muir-Wood & Cooper I960, pi. 63, figs 
13-19) is less consistently transverse and more oval 
in outline, with feeble concentric ornamentation and 
a less pronounced sulcus and fold. Of the Kozlowskia 
species described from northern Spain (e.g. Winkler 
Prins 1968; Martinez Chacon 1979, 1982), only K. 
bediae Martinez Chacon (1979: 158, pi. 15, figs 2- 
13; Martinez Chacon 1982: 74. fig. 2) approaches 
the new species in weak ribs on the trail, but the 
Spanish species is more strongly sulcate and has a 
more rounded ventral umbo. Russian species de¬ 
scribed from both the Moscow and Donets Basins 
(Ivanov 1935; Rotai 1952; Lazarev 1984, 1990) are 
usually very small and distinctly ribbed hence can 
be readily differentiated from the new species. 

The Late Carboniferous K. sinica Wang & Yang 
(1998: 76, pi. 4, figs 22-26, 29-30) from the Shi- 
qiantan Formation of Xinjiang Province, northwest¬ 
ern China is also indistinguishable from the new 
species in overall appearance, but the Xinjiang spe¬ 
cies has a more circular profile and a medially en- 


296 


G. R. SHI, Z. 0. CHEN & JIN-NAN TONG 


rolled ventral trail. Of the two Thai species described 
by Grant (1976), K. cornula possesses a subquadrate 
to semicircular outline, larger cars, and three halter- 
oid spines on each side of the hinge margins with 
longest, strongest near cardinal extremities, and thus 
certainly differs from the new species. K. opipara 
Grant differs from the new species by its greater 
number of spines on the protrail and a slightly longer 
dorsal median septum. 

Type locality and horizon. Shangheyan section of 
Shangheyan area, Zhongwei City, Ningxia, North¬ 
west China, from the lower Taiyuan Formation. 

Age. Gzhelian, Pennsylvanian (latest Carboniferous). 

Subfamily YAKOVLEVI1NAE Waterhouse, 1975 
Tribe RET1CULAT11NI Lazarev, 2000a 

Genus Adnioskovia Lazarev, 2000b 

Type species. Dictyoclostus inflatiformis Ivanov 1935: 

64, pi. 12, fig. I. 

Diagnosis. Small to medium-sized Reticulatiini, 
consistently ribbed; costae variable in width, height 
and branching patterns, forming fairly regular reticu¬ 
lation on disks, those on trail may form plications or 
longitudinal ridges (like Pugilis ); coarsest spines on 
ears and hinge; spines in row along each flank, scat¬ 
tered on disk and protrail but finer than those on ears 
and hinge. 

Discussion. The above diagnosis is summarised on the 
basis of all 12 species described by Lazarev (2000b, 
2000c). When proposing this genus, Lazarev (2000c) 
stressed the significance of the ribbing and spinose 
patterns, which he used to discriminate Admoskovia 
from other allies. The coarse spines are always present 
on the posterior region of the shell in all \2 Admosko¬ 
via species. However, the longitudinal ridges are not 
always visible among these species. For instance, the 
longitudinal ridges are conspicuous on A. aljutovcnsis 
Lazarev (2000b: 29. pi, 2. figs 2-5), A. istvaensis La¬ 
zarev (2000b: 29, pi. 2, figs 6-7) and A. tenuispinata 
Lazarev (2000c: 34. pi. 4, figs 1-8), but these species 
are weakly ribbed on disks with fine costae. In con¬ 
trast, the longitudinal ridges are absent in the type spe¬ 
cies A. inflatiformis (Ivanov) (Lazarev 2000c: 37, pi. 
4, fig. 19; pi. 5, figs 8-10) and several other allies in¬ 
cluding A. shchurovensis Lazarev (2000b: 32, pi. 2, 
fig. 17), A. peskiensis Lazarev (2000c: 34, pi. 4, figs 


9-12) and A. alekseevi Lazarev (2000c: 36, pi. 4, fig. 
16). On the other hand, these four species all possess 
strong costae on the disks. Therefore, it is likely that 
the 12 species so far known from Admoskovia are not 
all congeneric in view of their ribbing patterns. In cha¬ 
racerising Admoskovia, Lazarev (2000b) further noted 
that the genus shows a distinctive trail along the mar¬ 
gin of ventral valve in well preserved specimens; how¬ 
ever, we note that the availability of this feature in the 
fossil record is subject to preservation, hence signifi¬ 
cantly limiting its practicality as a diagnostic feature. 

Admoskovia is comparable with Reticulatia 
Muir-Wood & Cooper, 1960 in many external and 
internal aspects, as noted by Lazarev (2000b). but 
the two are clearly different in the strength and distri¬ 
bution of spines: the former has coarser spines on the 
posterior regions (hinges and ears), unlike Reticula¬ 
tia which has the coarser spines on the anterior re¬ 
gion of the shell (protrail). 

Bruntonella Chen & Shi (2006). with type spe¬ 
cies II. tenuireticulatus (Ustritsky 1960; sec also 
Chen 2004; Chen & Shi 2006), is characterised by a 
large shell, relatively even costae, and coarse halter- 
oid spines along hinge margins, ears and trails. As 
such, this genus thus clearly differs from Admosko¬ 
via. , which possesses coarse costae on trail that often 
form plication or longitudinal ridges. In addition, 
Bruntonella has a relatively long cardinal process 
supported by a broad shaft, and a thick, long median 
septum; whereas Admoskovia bears a fairly short 
cardinal process supported by a rather thin, long me¬ 
dian septum. 

Admoskovia yatzengi sp. nov. 

Figs 6E-6K 

Productus gruenewaldti Krotov; Chao 1927: 57, 
pi. 3, figs 6-12; pi. 8, figs 13-15. 

Etymology. For the given name of late Dr Yatzeng 
Chao, a pioneer of Chinese palaeontology. 

Types. Holotype, a dorsal valve (NMV R309613) 
(Figs6E-F). Paratype, a ventral valve(NMV P309616) 
(Fig. 61). 

Other material examined. Figured specimens also 
include one dorsal valve (NMV P309617) and one 
dorsal external mould (NMV P3096I4). 

Diagnosis. Medium-sized Admoskovia, with suboval 
outline, shallow sulcus and coarse ribs; costae coarse, 
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regularly distributed; reticulation distinct on both 
disks; dorsal median septum thin, long, extending 
nearly to anterior margin of disk; lateral ridges 
strong, extending laterally and anterolaterally; 
brachial ridges hook-shaped, beginning anterior to 
adductor scars and at right angle to median septum. 

Description. Shell medium size for genus; lateral 
profile strongly curved; widest at hingeline; ear fairly 
broad, flat, separated from flanks by narrow grooves. 
Ventral valve strongly convex, most convex on umbo, 
strongly curved anteriorly, but not geniculate; beak 
stout, incurved, slightly overhanging hingcline; 
umbonal region evenly convex, gradually sloping to 
lateral slopes; median sulcus broad, shallow, most 
conspicuous at start of protrail. Dorsal valve gently 
concave on umbo, slightly flattening anteriorly and 
laterally, geniculate anteriorly; corpus cavity deep. 
Ventral costae coarse, distinct, regularly distributed 
with narrower costal interspaces, originating anterior 
to beak, occasionally bifurcating anteriorly, about 10 
in 10 mm at midvalve; rugae distinct, dense, over disk, 
flanks and cars, forming regular reticulation with 
costae; numerous spines scattered on disk and trail, in 
a row along hinge and each flank, in brushes on ears; 
those on ears and hinge coarser, but thinner on disk, 
flanks and trail. Dorsal valve, with similar reticulation 
to ventral valve, rugae more pronounced on ears; 
costae on trail more irregularly distributed anteriorly; 
no spines present. Ventral interior smooth underneath 
umbonal region. Cardinal process short, bilobed 
internally, quadrilobed externally, supported by thin, 
high, long dorsal median septum, extending nearly to 
anterior margin of disk; a pair of adductor scars 
dendritic, elevated on each side of median septum; 
lateral ridges strong, commencing at base of cardinal 
process, extending laterally along hinge margins, 
across ears and then down anterolaterally to lateral 
margins; ear baffles strongly developed, separating 
peripheral cavities from corpus cavity; brachial ridges 
strong, hook-shaped, beginning anterior to adductor 
scars and at right angle to median septum. 

Discussion. Comparable material from the same 
stratigraphic horizons of northwestern China has been 
previously assigned to the type species of Chaoiella, C. 
gruenewaldti (Krotov), by Chao (1927). However, both 
our material and Chao’s figured specimens arc readily 
different from true C. gruenewaldti as figured by Krotov 
(1888:545,pi. 1, figs 9-11 (and Muir-Wood and Cooper 
(1960:275, pi. 54, figs 1-11). Typical C. gruenewaldti is 
a medium-sized, subquadrate dictyoclostid, possessing 


weak reticulation weaved on the disks by rather weak 
costae and rugae, whereas Chao’s illustrations clearly 
display prominent reticulation on the disks. More 
importantly, the trail of C. gruenewaldti usually is 
not ribbed but lamcllosc anteriorly, whereas Chao’s 
specimens are strongly and regularly ribbed anteriorly. 
These characteristics suggest that the northwestern 
Chinese specimcnsare more closely allied toAdmoskovia 
rather than Chaoiella. 

When compared with the new species, A. pesk- 
iensis Lazarev has a broader, deeper ventral median 
sulcus and a thicker, longer dorsal median septum, 
extending nearly to anterior margin of the dorsal 
disk. A. aljutovensis Lazarev is regularly ribbed and 
rugose, forming distinctive reticulation. A. istyaensis 
Lazarev is much larger and possesses coarser ribs. A. 
obraszoviensis (Ivanov) has relatively finer ribs, a 
thinner, shorter dorsal median septum, and its pro¬ 
trail bears longitudinal ridges. A. alekseevi Lazarev 
is highlighted by broad, low ribs and a deeper ventral 
median sulcus. A. shclnirovensis Lazarev possesses a 
narrower, deeper ventral median sulcus and greater 
number of spines on the ventral disk and protrail. A. 
inflatiformis (Ivanov) is defined by a shallow, broad 
ventral median sulcus, more irregularly spaced cos¬ 
tae, 2-3 rows of coarse spines on each car, and a pair 
of thin, short lateral ridges in the dorsal valve. A. ten- 
uispinata Lazarev is deeply sulcate, and has longitu¬ 
dinal ridges on the ventral protrail and brushes of 
spines appear on its flanks and cars. A. parva Laza¬ 
rev is slightly smaller and has lower, more irregular 
ribs, row of spines on each car, and a narrow ventral 
median sulcus. A. ivanovorum Lazarev is distinct by 
its fine, regular reticulation and distinctive rugae that 
are well developed over the disks and the start of the 
protrail. 

Type locality and horizon. Shangheyan section of 
Shangheyan area, Zhongwei City, Ningxia, North¬ 
west China, from the lower Taiyuan Formation. 

Age. Gzhelian, Pennsylvanian (latest Carboniferous). 

CONCLUSIONS 

1. ‘ Avonia ’ echidnifonnis Grabau in Chao, 1925 is 
neither suitable for Avonia nor Hystriculina; 
instead it represents a new genus here named 
Hexiproductus Chen & Shi gen. nov. It originated 
in the NCB and migrated, via the HCT, westerly 
to the Tarim Basin, Fergana Basin (Kazakhstan) 
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and southern Europe in Moscovian-Artinskian 
times, easterly to the South Kitakami block of 
northeast Japan, and southerly to South China in 
the Asselian. 

2. Both Companteris and Admoskovia originated in 
the Moscovian in the Moscow Basin and later 
dispersed to the HCT in the Gzhelian. 

3. Kozlowskia evolved in the earliest Pennsylvanian 
in North America, later rapidly migrated 
northerly to Arctic Canada of the Boreal Realm, 
southerly to Brazil of the Gondwana Realm and 
easterly to the Palaeotethyan marginal seas 
(including southern Europe, Russian Platform 
and Central Asia, Junggar Basin and HCT) in the 
Pennsylvanian. Permian Kozlowskia exhibits a 
typical anti-tropical (bipolar) distribution pattern, 
occurring in Spitzbergen of the Boreal Realm, 
Peru and Bolivia of the Gondwana Realm and 
the two biotic transitional zones between the 
Boreal, Gondwana and Tethyan Realms (i.e., the 
Urals-Timan, northern Tarim Basin, HCT, 
northern NCB. and the Shan-Thai Terrane in 
Southeast Asia). 

4. Integration of biogeographical constraints and 
current palaeogeographical and palaeomagnetic 
data suggests that the HCT was an isolated 
terrane positioned intermediately between the 
NCB and the Laurasian landmass in the Late 
Palaeozoic. 

5. The HCT played an important role in serving as 
a stepping stone for the biotic interchanges 
between Laurasia and the Tarim Basin to the west 
and eastern Palaeotethys (including South China 
and North China) to the east and southeast 
throughout the Late Palaeozoic. 
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The Lcvipustulini brachiopod Verchojania Abramov, guide fossil in the Upper Carboniferous-Lower¬ 
most Permian of northeastern Siberia, is reported for the first time from the Southern Hemisphere. Ver¬ 
chojania inacayali sp. nov. and Verchojania archboldi sp. nov. (formerly Levipustula levis Maxwell) are 
described from the upper section of the Pampa deTepuel Formation, Chubut Province (Patagonia), Argen¬ 
tina. The age of the older Patagonian species V. inacayali sp. nov. is estimated as Middle-Late Pennsylva¬ 
nian (Moscovian-Kasimovian), while an age no younger than early Early Cisuralian (Assclian) for the 
younger V. utvhboUli sp. nov. is considered possible. 

Key minis: Argentina, Patagonia, Brachiopoda, Lcvipustulini, Carboniferous, Permian, Verchojania. 


VERCHOJANIA Abramov, 1970, is a conspicuous 
brachiopod of the Vcrchojan faunal community, a 
low diversity boreal marine association recognised in 
the Upper Carboniferous and Lower Permian depos¬ 
its of northeastern Asia, mainly in the Kolyma-Omo- 
lon and Vcrchojan regions of Siberia (Ganelin & 
Durante 2002; Klets 2005a,b; Klets et al. 2006; 
Ganelin & Biakov 2006). As in Gondwana, peri-an- 
garic marine faunas during the Late Carboniferous- 
Early Permian lack warm-water fossil groups 
(Ganelin & Tschcrnjak 1996), giving evidence for a 
bipolar cooling palaeoclimatic event (Waterhouse 
1967, 1969, 1976; Dickins 1985) and a potential cor¬ 
relation interval between high latitudes of both hemi¬ 
spheres (Roberts et al. 1976; Archbold 2005, Shi & 
Slicn 2005; Shi 2006; Taboada et al. 2005). 

Fourteen species of Verchojania are known from 
the world (Kaschirtzev 1959, I960; Ustrisky & 
Tschernjak 1963; Abramov 1970; Abramov & Grig- 
orjeva 1983; Ganelin 1991), most of which are re¬ 
stricted to the Olchinsky and Parensky regional 
Scries (Upper Carboniferous) and Orochian regional 
Horizon (Asselian) of northeastern Siberia. In addi¬ 
tion, other occurrences have been reported in east 
Zabaikal (Kotlyar & Popeko 1967). east Kazakhstan 
(Sarytcheva 1968) and northeast China (Li & Gu 
1976). The present report of Verchojania constitutes 
the first record in the Southern Hemisphere and doc¬ 
uments another brachiopod of bipolar distribution. 


VERCHOJANIA IN PATAGONIA 

The new species of Verchojania described herein 
comes from the Tepuel-Gcnoa basin, from outcrops 
of the upper section of the Pampa de Tepuel Forma¬ 
tion in the El Molle and Tepuel areas in the central 
western part of the Chubut Province (Fig. 1). 

The Pampa de Tepuel Formation is the middle 
lithostratigraphic unit of the Tepuel Group (Lesla & 
Ferello 1972) (= ‘Tepuel System'of Sucro 1948), ac¬ 
cording to the tripartite subdivision (Jaramillo/Pampa 
de Tepuel/Mojon dc Hierro Formations) proposed by 
Page et al. (1984) (Fig. 2). The Mojon de Hierro For¬ 
mation was considered a lateral equivalent of the ma¬ 
rine-deltaic Rio Genoa Formation (Andreis et al. 

1986), which characterises the southern region of the 
basin. The Tepuel Group exhibits more than 5000 m 
of thickness (Suero 1948; Freytes 1971) and it has 
yielded Late Carboniferous-Early Permian faunal as¬ 
semblages with brachiopods. molluscs, bryozoans, 
cnidarians, echinoderms, ostracods and scarce trilo- 
bites. The older fossil assemblages, the Lanipuslula 
(formerly Levipustula) and Tuberculatella faunal as¬ 
sociations (Simanauskas & Sabattini 1997) are placed 
between glaciomarine deposits of the Pampa de 
Tepuel Formation. This last unit was deposited under 
strong influence of glacier ice (Gonzalez Bonorino 
1992). as supported by glacial pavements (Gonzalez 
et al. 1995,2003), when Patagonia was near the south 
palacopolc and covered by a peripheral satellite ice 
sheet of the main polar Gondwana ice cap (Gonzalez 
Bonorino 1992; Isbell et al. 2003), at least during the 
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Late Carboniferous-earliest Permian time (Taboada 
et al. 2005). Verchojania was recorded near the base 
and top of the Tuberculatella biozone and below the 
younger Cimmeriella faunal association (Taboada et 
al. 2005; Taboada 2001) which appears in the overly¬ 
ing Mojon de Hierro Formation (Fig. 2). Deposition 
of the lower section of the Mojon de Hierro Forma¬ 
tion was considered evidence of a postglacial sea 
level rise (Lopez Gamundi 1989, 1990) synchronous 
with the major and widespread sea level rise in Gond- 
wana during the progressive global climatic amelio¬ 
ration of the Late Asselian-Tastubian times (Dickins 
1985, 1996; Taboada 2001). 

Biostratigraphic considerations 

Verchojania inacayali sp. nov. appears in a partial 
stratigraphic section of 200 m thickness (level 3 of 


Suero 1948) at La Carlota Post, northern Tepuel hill 
(Fig. 1, *1). Located immediately above, is a concre¬ 
tionary fossiliferous level (level 4 of Suero 1948) 
which includes the Tuberculatella fauna (Simanaus- 
kas & Sabattini 1997). The section at La Carlota Post 
has been correlated with the top of level Cl 7 of the 
Tepuel Group at its type locality (Suero 1948. 1953) 
(=lcvel Ft 1-22 of Frcytes 1971), situated 20 km to 
the south at the center of the Tepuel hill, where the 
fauna of Tuberculatella was also indicated (Si- 
manauskas& Sabattini 1997). Verchojania archboidi 
sp. nov. is recorded some 700 m above the latter 
(level Ft 1-23 of Freytes 1971/E 21 of Suero 1948), 
near the Tres Lagunas Post (Taboada 2001) (Fig. I. 
*2) and is also presented in a sequence (level 11 of 
Perrol 1960), equivalent to the Pampa de Tepuel For¬ 
mation (Page ct al. 1984; Gonzalez et al. 2003) at the 
east of the basin in El Molle area (Fig. 1, *3). An¬ 
other record of Verchojania archboidi sp. nov. comes 
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Fig. 2. Litho-biostratigraphic column of the Upper Palaeozoic of the Tepuel-Gcnoa basin with records of select brachiopods 
taxa and main glaciomarine levels. Levels nomenclature of Suero 1948. Location of glaciomarine levels (▲▲▲ =0=, diamic- 
tites, dropstones and associated glaciomarine facies without scale) follow Suero 1948, and authors own observations. (1) & (3) 
Simanauskas 1996a,c; (2) Amos 1960; (4), (5) & (7)Taboada 1993, 1998,2001; (6) Simanauskas & Archbold 2002. 
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from a small exposure of a discontinuous belt of out¬ 
crops crossed by provincial Route 62, situated be¬ 
tween El Molle and Pocitos de Quichaura area 
(Fig. 1, *4). 

The key section at La Carlota Post contains an im¬ 
portant palaeontological record of brachiopods (Amos 
1958, I960; Simanauskas 1996a). bivalves (Gonzalez 
1969, 1972, 1974, 2006; Pagani 2004a,b, 2005), bryo- 
zoans (Sabattini 1972, 1986), cnidarians (Marinclarena 
1970; Sabattini & Hlebszcvitsch 2004, 2005), gastro¬ 
pods (Sabattini & Noirat 1969; Sabattini 1978, 1995, 
1997), echinoderms (Hlebszcvitsch 2004,2005,2006), 
as well as scarce cephalopods (Closs 1967; Riccardi & 
Sabattini 1975; Sabattini et al. 2006) and trilobites 
(Miller & Gamer 1953; Amos et al. 1960). Neverthe¬ 
less the faunal record should be clearly located to avoid 
possible confusion and controversy. Levipuslula lexis 
Maxwell and the homonym biozone have been associ¬ 
ated with this locality since Amos’ (1960) work, al¬ 
though the data were not accurate. Simanauskas 
(1996b) rejected the record of' Levipuslula’ at La Car- 
Iota Post and the Tuberciilatella faunal association and 
biozone were also proposed later to the same locality 
(Simanauskas & Sabattini 1997) at the concretionary 
level (= level 4 of Suero 1948). More recently, the 
presence of specimens co-specific with those de¬ 
scribed by Amos (1960) (here reassigned to Verchoja- 
nia inacayali sp. nov.) from La Carlota Post (level 3 of 
Suero 1948) was confirmed by Hlebszcbitsch (2004) 
and the author’s own collections. Consequently the 
boundary between level 3 and 4 at La Carlota locality 
is emphasized by changes in faunal composition and 
the incoming of the Tuberciilatella fauna. On the other 
hand, the arguments concerning the Tuberculatella bi¬ 
ozone as a unit of lower hierarchy (subzone) within the 
Levipustula/Lanipustula Zone, and also the inferred 
age gap between the latter and the Costatumulus bio¬ 
zone (with the Cimmeriella fauna) (Taboada 2001), 
must be discarded based on current understanding 
about the taxonomy and stratigraphic position of Ver- 
chojania's new species. Bryozoans associated with 
Verchojania inacayali sp. nov. such as Austropolypora 
neerkolensis (Crockford) and Austmfenestella strou- 
densis (Campbell) (Sabattini 1972, 1986), which are 
also recorded in the underlying ‘ Lanipustula' biozone 
(500 m below in the Pampa de Tepuel Formation) and 
the Levipuslula biozone in Australia, suggest a slightly 
younger age than Namurian (Sabattini 2002), probably 
Middle-Late Pennsylvanian (Moscovian-Kasimovian). 
In addition Acrocrinidae echinoids associated with 
Verchojania inacayali sp. nov., would restrict this asso¬ 
ciation to a Pennsylvanian age (Hlebszevitsch 2004; 


Hlebszevitsch & Sabattini 2005). Therefore the base 
of the Tuberculatella biozone would be early Late 
Pennsylvanian in age. The top of the Tuberculatella bi- 
ozone is recognised to be 700 m above in the upper¬ 
most levels of the Pampa de Tepuel Formation 
(Taboada 2001). At this location Verchojania archboldi 
sp. nov. occurs together with the brachiopods Amosia 
sueroi Simanauskas (= Productella afT. bifaria (Stain- 
brock) Amos 1960; close to Jakutella Abramov) and 
Tuberculatella laevicaudata (Amos) (a species which 
would be classified in Dyschrestia Grant or more 
properly in another closely allied possibly new genus), 
in the Ties Lagunas Post and El Molle areas, respec¬ 
tively. The age of these top levels of the biozone would 
be no younger than Asselian (Taboada et al. 2005) be¬ 
cause the Cimmeriella fauna of Early Cisuratian age 
(Sakmarian) (Taboada 2001; Simanauskas & Archbold 
2002) occurs above. 


REPOSITORY 

The material described is housed at the Invertebrate 
fossil collections of the Palaeontological Institute of 
the Miguel Lillo Foundation, Tucuman, Argentina 
(IPI) and the Evolution and Biodiversity Research 
Laboratory of the San Juan Bosco Patagonian Na¬ 
tional University, Cliubut, Argentina (LIEB-PI). 

SYSTEMATIC PALAEONTOLOGY 

Order PRODUCTIDA Sarytcheva & Sokol- 
skaya, 1959 

Suborder PRODUCTIDINA Waagen, 1883 
Superfamily PRODUCTELLOIDEA 
Schuchert, 1929 

Family OVERTONIIDAE Muir-Wood & 
Cooper, 1960 

Subfamily PLIC'ATIFERINAE Muir-Wood & 
Cooper, I960 

Tribe LEVIPUSTUL1NI Lazarev, 1985 

Genus Verchojania Abramov, 1970 

Type species: Jakutoproductus cheraskowi Kaschirtzev, 

1959, Upper Carboniferous of northern Asia. 

Discussion. Verchojania Abramov (1970) was segre¬ 
gated from Jakutoproductus Kaschirtzev (1959) due 
to the absence or poor development of concentric 
rugae on the visceral disc of the ventral valve, distinct 
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gcniculation of the shell, large tear-shaped dorsal ad¬ 
ductor scars and a posteriorly thickened dorsal median 
septum (Abramov 1970; Abramov & Grigorjeva 1983; 
Pavlova 1988; Lazarev 1990; Shi 1994; Shi & Water- 
house 1996; Simanauskas & Archbold 2002). Solo- 
mina (1978) and Ganelin (1991) did not recognise 
Verchojania as a valid genus. Later, Ganelin (in Gane¬ 
lin & Durante 2002; Ganelin & Biakov 2006) listed 
some species reassigned to Verchojania and pointed 
out that (V. Ganelin pers. comm. 2004) it has distinct 
dorsal spines confined to the anterior visceral disc 
(sec also Brunton et al. 2000) and geniculated con¬ 
striction of dorsal valve, unlike Jakutoproductus. The 
weak concentric ornament, nature and distribution of 
spines, well developed trail and distinct gcniculation, 
support Verchojania as valid genus. Another close 
genus to Verchojania is Levipustula Maxwell (1951) 
which exhibits a similar ornamentation pattern. Ex¬ 
amination of the type material of Levipustula from 
Queensland (Maxwell 1951) when compared with 
Verchojania reveals that the latter has weaker concen¬ 
tric ornamentation especially on the dorsal valve, 
longer and abundant haltcroid spines on flanks and 
ears and thin prostrate spines on the venter, contrary to 
the stronger and suberect spines with more expanded 
spine bases over the venter of Levipustula (Brunton et 
al. 2000, fig. 299, 3a-b, indicated as holotype of Levi¬ 
pustula levis Maxwell external moulds wrongly la¬ 
beled UQF 11900, the latter number of the true 
holotype, a composed mould of dorsal and ventral in¬ 
teriors; other material figured in the old and new Trea¬ 
tise as Levipustula levis came from New South Wales). 
Also Levipustula is non-sulcate, has shorter trail and 
lesser geniculate form, and possesses a different out¬ 
line of ventral and dorsal muscle scars. Lanipustula 
(Gets (1983) is also comparable to Verchojania but the 
former can be differentiated mainly by a stronger con¬ 
centric ornamentation on both valves and stronger 
dorsal and ventral spines, the latter which are rising 
from the anterior end of small tubercles. 

Verchojania was first included in the Family Avo- 
niidae Sarytcheva, I960 (Abramov 1970) and later 
in different families/subfamilies/tribcs: Overtoniidae 
Muir-Wood & Cooper, 1960 (Abramov & Grigorjcva 
1983), Levipustulinae Lazarev, 1985 (Lazarev 1990), 
Plicatifcrinae Muir-Wood & Cooper. 1960 (Shi 1994; 
Shi & Waterhouse 1996; Simanauskas & Archbold 
2002) and Tubersulculinae Waterhouse, 1971 (in Bam- 
ber & Waterhouse 1971; Waterhouse 2002). The Levi¬ 
pustulinae were downgraded to tribe rank and separated 
from the Plicatifcrini by Brunton et al. (1995), a posi¬ 
tion followed by Brunton et al. (2000) and accepted by 


Waterhouse (2001, 2002) and Simanauskas & Arch¬ 
bold (2002). The Levipustulini Verchojania exhibits an 
ornament dominated by fine spines densely arranged 
in quincunx with subdued concentric growth lines and 
weak rugae on auricles, unlike Plicatifcrini which pos¬ 
sess strong concentric ornament, especially rugae and 
sparce spines. Vetvhojania within Levipustulini was 
recognised within the Subfamily Plicatiferinae (Brun¬ 
ton et al. 1995, 2000; Simanauskas & Archbold 2002), 
but within the Subfamily Tubersulculinae in an alterna¬ 
tive classification of Productidina (Waterhouse 2002). 
Vetvhojania has a ventral disc gently convex, moder¬ 
ately deep corpus cavity, geniculate dorsal valve, well 
developed trail and haltcroid spines on flanks and ears 
that fit better in Plicatiferinae than in Tubersulculinae. 
On the other hand, Waterhouse’s (2002) scheme for 
supra familiar position of Plicatiferinae is followed 
here. 

Verchojania arehboldi sp. nov. 

Figs. 3A-J, 4A-0, 5A-K 

Levipustula levis. - Taboada 1999a: 11. - Taboada 

1999b: 37R. - Taboada & Gonzalez 2003: 

10. - Gonzalez et al. 2003. 13. 

Material. 80 specimens of articulated valves, iso¬ 
lated dorsal and ventral valves and external and in¬ 
ternal moulds of both valves, Holotype IP1 n° 3834, 
Paratypek IPI n° 3828-3833, 3874-3875, 3881, 
3892’ 3898, 3901; L1EB-PI n" 1-4; other material: 
IPI n° 2404, 2406-2411, 3835-3836, 3872-3873, 
3876, 3893-3897, 3899-3900, 3902-3906 and 
LIEB-P1 if 5-18. 

Geographic and stratigraphic distribution. IPI if 
3828-3836, 3872-3876, 3892-3906 from El Molle 
area, I km to the east ofLefiu Post (Fig. 1, *3); peb¬ 
bly sandstone overlying glaciomarine deposits of the 
upper part of Pampa de Tepuel Formation. IPI if 
2404, 2406-2411 from Tepuel Hill, Tres Lagunas 
Valley, 550 m to the southwest of Tres Lagunas Post 
(Fig. I. *2); pebbly sandstone within glaciomarine 
deposits of the upper part of Pampa de Tepuel For¬ 
mation. L1EB-PI n 0 118,4.5 km from Cafiulef Post, 
provincial Route 62 (Fig. 1, *4); dark grey shales of 
the upper part of Pampa de Tepuel Formation. Upper 
levels of the Tuberculatella? laevicaudata (Amos) 
Biozone. 

Etymology. Honour to the outstanding palaeontolo¬ 
gist Professor Neil Wilfred Archbold. 
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Diagnosis. Large Verchojania, transversely subelipti- 
cal in outline; almost plano-convex in profile, 
broadly silicate and weakly folded with deep corpus, 
moderate long trail and well developed geniculation; 
density of spines varies between 4-6 in 5 mm 2 on 
ventral valve, 8-10 in 5 mm 2 on dorsal valves and 
halteroid spines might reach 20 mm length. Diduc- 
tors scars strongly impressed. 

Description. Shell of medium size, transversely sub¬ 
elliptical in outline, almost plano-convex in profile 
with moderate long trail at maturity; hinge width less 
than maximum width placed near the posterior third 
of shell length; adult valves commonly up to 30 mm 
in width and 20 mm in length with maximum width 
of 39 mm and maximum length of 28 mm (IPI n° 
3834-1); width/length ratio varying between 1.17 
(IPI n° 3832) and 1.58 (IPI n° 2404-3), with an aver¬ 
age of 1.35; Deep corpus with dorsal valve length/ 
corpus cavity maximum depth ratio varying between 
2.2 (L1EB-PI n° 4) and 2.7 (IPI n° 3834). 

Ventral valve moderately convex with moderate 
long trail at maturity, small pointed umbo slightly ex¬ 
tended beyond hinge line, ears small, slightly differen¬ 
tiated from lateral flanks; sulcus weak and broadly 
U-shaped, more depressed towards the anterior region 
of venter. Ornament of concentric growth lines, weak 
rugae on auricles and slightly swollen spine bases 
densely distributed in quincunx on venter and trail (4- 
6 spines in 5 mm 2 ); halteroid spines slightly curved 
and erect on ears, flanks and trail might reach 20 mm 
length. Ventral interior with smooth elongate subrcc- 
tangular adductor scars (maximum length of 9 mm 
and maximum width of 1.5 mm) separated by thin 
myophragm; diductor scars triangular (maximum 
length of 13.5 mm), well impressed and radially stri¬ 
ated covering posterior third of ventral valve. 

Dorsal valve with almost flat visceral disc and 
weakly expressed median fold, with short and abrupt 
geniculation (at 957105°) without anterior deflection; 
ornamentation of concentric growth lines and weak 
rugae, well developed dimples and small spines evenly 
distributed over disc, scarce in genicule. Dorsal inte¬ 
rior without alveolus, with well developed sharp ante¬ 
riorly median septum of 2/3 of valve length and short 
lateral septa at 25° to median septum. Inner adductor 
scars elongate, apparently smooth and subtriangular 
of maximum length of 6.5 mm and 1 .8 mm of maxi¬ 
mum width. Outer adductor scars and brachial ridges 
not impressed. Minute endospines more densely dis¬ 
tributed on anterior region of the valve. Cardinal proc¬ 
ess internally strongly bilobatc, externally trifid. 


Discussion. Jakutoproductus tumidus Ganelin ( 1991 ) 
from the Late Carboniferous of northeast Siberia in¬ 
cluded in Verchojania by Shi (1994) (Shi & Water- 
house 1996), is the closest species to Verchojania 
archboldi sp. nov. The Argentine species has similar 
size, shell outline, convexity, and shallow and wide 
sinus but can be differentiated by its weak ventral 
rugae and finer and more numerous spines. No dor¬ 
sal valve of Verchojania tumidus was figured by 
Ganelin (1991). Verchojania archboldi sp. nov is 
also similar in shape and ornamentation to the type 
species Verchojania cheraskowi (Kaschirtzcv) (Kas- 
chirtzev 1959, I960; Abramov 1970; Abramov & 
Grigotjeva 1983; Ganelin 1991), from the Late Car¬ 
boniferous of northeast Siberia, but the Russian spe¬ 
cies is smaller and less geniculate and possesses 
stronger ventral rugae and narrower sinus. 

Verchojania inacayali sp. nov. 

Fig. 5K.-S 

Levipustulu levis. - Amos 1960: only pi. l. fjg |q_| j 
- Amos 1979: 78, fig. a (cop. Amos 1960). 

Material. 21 specimens preserved as ventral external 
and internal moulds, dorsal external moulds and 
moulds of articulated shells, Holotype IPI n ° 31 ) 88 . 
Paratypes: IPI n" 3987, 3989, 3991; other material: 
IPI n° 3990, 3992-4008. 

Geographic and stratigraphic distribution. North of 
Tepuel Hill, I km to the east of La Carlota Post (Fig. 1, 
* I); level of pebbly sandstone underlying concretion¬ 
ary fossiliferous horizon with Tuberculatella'l laevi- 
caudata (Amos) faunal association, upper part of 
Pampa de Tepuel Formation. 

Etymology. Honour to lnacayal, ancient tchuelche 
Cacique from Tecka land region, Patagonia. 

Diagnosis. Verchojania of medium size, slightly 
transverse with subcircular outline and well differen¬ 
tiated ears, ventral valve strongly convex, weakly 
silicate with short trail and geniculation; density of 
spines varies between 6-7 in 5 mm 2 on the venter. 

Description. Shell of small to medium size, subcir¬ 
cular to subelliptical in outline, concavo-convex with 
short trail, maximum width located close to hinge 
line. Valves size up of 20 mm in width and 16 mm in 
length with maximum width of 27 mm and maxi¬ 
mum length of 23 mm (IPI n“ 3991); width/length 
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Fig. 3. Verchojania archboldi sp. nov. A-F, IPI 3834, holotype, articulate specimen in ventral, tilted ventral, dorsal, ante¬ 
rior and interior views (F in natural si/e). G-H, IPI 3828, paratype, dorsal valve external mould, latex cast dorsal valve exte¬ 
rior. I-J, IPI 3830, paratype, ventral valve external mould, latex cast ventral valve exterior, (all ligures x 1.5; unless 
indicated) 
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Fig. 4. Verchojania archboldi sp. nov. A-B, IPI 3832, paralypc, latex cast dorsal valve exterior, dorsal valve external 
mould. C, IPI 2410, ventral valve internal mould. D, 1PI 2408, ventral valve internal mould. E-H, IP1 3831, paratype, ventral 
valve in ventral, posterior, lateral and anterior views. I-L, IPI 3829, paratype, ventral valve in ventral, posterior, anterior and 
lateral views. M-O, IPI 3833, paratype, ventral valve external mould, latex cast ventral valve exterior showing spines, (ah 
figures x 1.5) 
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Fig. 5. A-J. Verchojimia archhohli sp. nov. A, LIEB-PI I, paratype, latex cast dorsal valve exterior showing cardinal 
process external view. B-C, LIEB-PI 3, paratype, mould dorsal valve exterior in dorsal and lateral views showing genicula- 
tion. D-I, LIEB-PI 4, paratype, articulate specimen in ventral, posterior, dorsal and anterior views, dorsal valve external 
mould. J, LIEB-PI 2, paratype, latex cast dorsal valve interior. K-S, Verchojimia inacayali sp. nov. K-L, IPI 3988, holotype, 
ventral valve exterior (natural size and x 1.5). M, IPI 3994. mould dorsal valve exterior. N. IPI 3987, paratype, mould ven¬ 
tral valve interior. O, IPI 3990, mould ventral valve interior. P. IPI 3991, paratype, ventral valve exterior in antcro-vcntral 
view. Q, IPI 3989, paratype, dorsal valve external mould. R. IPI 3987, paratype ventral valve internal mould. S, IPI 3991, 
paratype, ventral valve exterior, (all figures x 1.5; unless indicated) 
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ratio varying between 1.11 (IPI n° 3993) and 1.40 
(IP! n° 3989) with an average of 1.20. 

Ventral valve strongly convex with short trail and 
broad U-shaped weak sulcus more depressed toward 
anterior margin; umbo small, curved and pointed ex¬ 
tended beyond hinge line; ears small well differenti¬ 
ated from lateral flanks. Ornament of concentric 
growth lines, stronger at irregular intervals and weak 
rugae on ears; thin prostrate spines in quincunx over 
the venter (6-7 in 5 mm 2 ). Hanks and trail, erect on 
auricles. Ventral interior with smooth elongate and 
very narrow adductor scars (length of 5 mm and width 
of 0.7 mm), separated by thin myophragm; diduclor 
scars triangular (estimate length of 7 mm) and radially 
striated, covering posterior quarter of ventral valve. 

Dorsal valve concave with greater concavity on 
postero-central region of the valve. Ornamentation 
of concentric growth lines slightly stronger than 
those of ventral valve, dimples and minute spines. 
Cardinal process small and trifid in external view. 
Internal characters not observed. 

Discussion. Compared with Verchojania archboldi 
sp. nov., Verchojania inacayali sp. nov. has a smaller 
size and higher density of ventral spines, possesses a 
shorter trail and it is less transverse and less suleate. 
Specimens assigned to Levipustula levis Maxwell by 
Amos (1960: pi. 1, figs. 10-11; Amos 1979; 78, fig. 
a) from La Carlota Post locality, show a broad ventral 
sulcation, density of spines and growth lines, features 
that allow it to be included in Verchojania inacavali 
sp. nov. The specimens described by Amos (1960) as 
having come from La Carlota Post (stratigraphic 
source rejected by Simanauskas 1996b, contrary to 
Taboada 2001 and 1 llebszebitseh 2004) were included 
by Simanauskas (1996c) in the synonymy of his older 
species Lanipustula palagoniensis. 1 Iowever, the lat¬ 
ter is non-suleate with longer trail, exhibits stronger 
spines and irregular rugae on both valves, unlike Ver¬ 
chojania inacayali sp. nov. Other specimens figured 
as Levipustula levis Maxwell by Amos (I960: pi. 3, 
figs. 2-5) from casa Roelse and Las Salinas locali¬ 
ties, belong to Lanipustula?palagoniensis (Simanaus¬ 
kas) and to a possibly new genus and species of 
Levipuslulini (Taboada 2006), respectively. 

Verchojania immemoratus (Ganelin 1991) from 
the Parcnsky Series (early Gzhelian) of Vcrchojan, 
northeast Siberia (Ganelin & Durante 2002) is very 
close in shape, convexity and dimensions to Vercho¬ 
jania inacayali sp. nov., but the Russian species is 
less suleate and apparently has lower spine density. 
Verchojania ttrsovi Abramov & Grigorjeva, 1983 [= 


V. cheraskowi (Kaschirtzev) Abramov, 1970, pi 6, 
figs. 13-20; = V. taimyrensis (Ustritsky) Abramov, 
1970, pi. 6, figs. 21-22] from the Upper Carbonifer¬ 
ous of southern Verchojan is another species similar 
to V. inacayali sp. nov.. but the former has narrower 
ventral sulcation. lower spine density and thicker 
spine ridges. 
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ONTOGENY IN TEREBRATULA SPECIES: FUNCTIONAL 
CONVERGENCE AND ALLOMETRY BUT NOT HETEROCHRONY 
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Taddei Ruggiero, E. & Raia, P. 2008. Ontogeny in Terebralula species: functional convergence and 
allometry but not heterochrony. Proceedings of the Roval Society of Victoria 120(1): 320-331. 
ISSN 0035-9211. 

The brachiopod genus Terebralula occurred in the circum Mediterranean area during the Miocene- 
Early Pleistocene period. The four morphotypes we recognise within this genus are separated by different 
shell size (larger in stratigraphically older species) and commissure type, the latter being sulciplicatc in 
older forms and uniplicate in younger material. Although this could suggest a consistent evolutionary 
trend toward larger size and simpler plicatures, our analysis reveals a more complicated pattern in the evo¬ 
lutionary history of Terebralula spp. We found evidence for mosaic character evolution. The affirmation 
of novel morphologies in younger species is not interpreted as a consequence of any heterochronic change 
in the ontogeny of older morphotypes, but as a product of the increasing body size from early stage of 
development and of the matching of functional requirements. 

Key words: heterochrony, evolutionary channelling, ontogenetic allometry, Terebralula. 


ONTOGENY is the process of growth and develop¬ 
ment of individual organisms, from the formation of 
the zygote to adulthood. With his famous biogenetic 
law (i.e. ontogeny recapitulates phytogeny) Ernst 
Haeckel (Haeckel 1866) was one of the first natural¬ 
ists to note that ontogeny and evolution are inter¬ 
woven. Although the biogenetic law has been 
partially refuted ever since, the effect of ontogenetic 
modification on spcciation continues to attract inter¬ 
est in modern evolutionary biologists, especially 
since Stephen Jay Gould’s seminal work on this sub¬ 
ject (Gould 1977, 2002). Modifications of develop¬ 
mental pathways (either in growth rate, onset and 
offset time, or displacement of body parts) in a par¬ 
ent species leading to the formation of a daughter 
species (or even between the sexes of a single spe¬ 
cies) are said to be examples of heterochrony. How¬ 
ever. heterochrony is much more complex, to the 
extent that no consensus about its definition has yet 
been reached by researchers. 

In fact, even our simple definition would be re¬ 
fused by some authors, as we explicitly include 
changes in the relative position of organs in hetero¬ 
chrony while these authors would adhere to Haeck¬ 
el’s original term heterotopy (McNamara & 
McKinney 2005). It now appears clear that defini¬ 
tions and illustrations of heterochrony and its associ¬ 
ated phenomena, which began with a revival of 
interest in this subject during the 1980s, are either 
too simplistic or inapplicable (Godfrey & Sutherland 
1995; Klingenberg 1998; McNamara & McKinney 


2005; Mitteroecker et al. 2005). Ironically, which¬ 
ever current definition of heterochrony one accepts, 
Haeckel’s original meaning is by now distorted 
(Gould 2000, 2002). 

The nature of this controversy concerning hetero¬ 
chrony, is partly semantic (Gould 2000; McNamara & 
McKinney 2005) and partly methodological (McKin¬ 
ney 1988; Gould 2000, 2002). The ‘semantic’ problem 
was challenged by Klingenberg (1998) and Gould 
(2000) who blamed the recent attempts of most col¬ 
leagues to extend the literal definitions of the conse¬ 
quences of heterochronic evolution (i.e. pacdomorpho- 
sis and peramorphosis) on the mechanisms underlying 
them. This fact is especially apparent in the continuing 
debate about human heterochrony (Vrba 1998; McKin¬ 
ney & McNamara 1991). Methods for studying hetero¬ 
chrony arc no less a problem than its definition. For in¬ 
stance, Jaccks and Carlson (2001) used different 
phylogenies of thecideide brachiopods to argue that 
using alternative ancestor-descendant relationships af¬ 
fects the interpretation of hcterochronic changes. More¬ 
over, these same changes could proceed at different 
rates and even go in opposite directions in different or¬ 
gans. A calculation of rates and timing requires a direct 
estimation of time (e.g. in hours or days etc.) which is 
often unavailable, although many investigators have 
often substituted (almost arbitrarily) size with time. 
McKinney (1988) first analysed problems with this 
size/time substitution and proposed the partition of het¬ 
erochrony from allometric heterochrony, the latter in¬ 
cluding studies of ontogenetic change in shape when 
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size (and not time) is the sole independent variable. 
Zelditch et al. (2004) pointed out that analysing the on¬ 
togeny of size-shape relationships (ontogenetic allome- 
try in their words) is important per se and that: ‘...al- 
lometry is not just something me study when ive have no 
information about age. Rather, comparative studies of 
allometry allow for a richer formalism than is feasible 
in studies of heterochrony because the formalisms for 
heterochrony were designed for cases of parallelism.' 

Zelditch ct al. (2004) pointed out that the context 
of ontogenetic allometry is the most appropriate for 
studying the interrelationship between form and 
function during growth, as sub-adult growth stages 
arc not just obligate steps along the completion of 
development but life stages with their own functional 
requirements that adaptation should have met. 

In this study we survey the ontogenetic allomctrics 
of four Terebratida species that lived in Italy during the 
latest Cenozoic (Miocene - early Pleistocene). The 
genus Terebratula is famed (mostly to brachiopodolo- 
gists, we suspect) for the complex history of its nomen¬ 
clature (Lee ct al. 2001). True (would be) Terebratula 
were first reproduced on a woodcut by the Italian natu¬ 
ralist Fabio Colonna in 1616. In 1758 Linnaeus relied 
on Colonna’s drawings to erect the species Anomia 
caputserpentis and Anomia terebratula (since then con¬ 
verted to T. terebratula). Later he resorted to the taxon 
Anomia caputserpentis to describe some fossil material 
now assigned to Teivbmtulina retusa (Linnaeus, 1758). 
Unfortunately, both Linnaeus and later investigators in¬ 
correctly interpreted Colonna’s reference to his own 
figure, mistaking either his original captions or the lo¬ 
calities of provenance he was indicating. In a full revi¬ 
sion of the genus, Lee et al. (2001) conceded T. 
terebratula a large intraspecific variability and included 
both of Colonna’s drawings in it. Consequently, they re¬ 
garded /.' sinuosa Brocchi as a junior synonym of T. ter¬ 
ebratula and extended the stratigraphic range for the 
latter to the Miocene. Terebratula sinuosa had been 
erected by Brocchi (1814) in reference to the upper left 
specimens in Colonna’s illustration, which is the one 
Linnaeus was surely referring at when he erected the 
species Anomia terebratula (Lee ct al. 2001). 

To crown it all, we added to this complexity by 
showing, via geometric morphometries, that the spe¬ 
cies T. ‘sinuosa ' is at least a separate morphotype 
within T. terebratula (Taddei Ruggiero ct al., in press). 
In that study we analysed shape variability in four Ter¬ 
ebratula species (that is, all the representatives of the 
subfamily Terebratulinae which range in age from the 
Miocene to the Early Pleistocene). We found signifi¬ 
cant interspecific differences to occur in shell shape 


(more squat in older forms, and nearly pentagonal in 
T. ampulla (Brocchi)) and, obviously, in the plicature 
shape (Taddei Ruggiero et al., in press). Here we ex¬ 
amined ontogenies of these same four species (for 
simplicity we refer to T. 'sinuosa ’ as a species through¬ 
out the text but retain the use of inverted commas). 
Our goal was to investigate whether these shape dif¬ 
ferences derived cither from (allometric) heterochrony 
or the development of novel shape features. We used 
the adjective ‘novel’ to refer to phenotypic character¬ 
istics (either of single parts or the whole organism) of 
a species that are not preceded in any life stage of its 
possible ancestors. These novel characters cannot be 
regarded as an extension of the ancestor growth. As a 
robust phytogeny of Terebratula species is currently 
unavailable, we looked at all possible combinations of 
ancestral-descendant pairs and provided some func¬ 
tional interpretation for the growth patterns we found. 

MATERIALS AND METHODS 
Studied samples 

We strove to select abundant populations with well 
preserved specimens of the most variable size range 
(hence age). We included four species in the analy¬ 
sis. One of these, T. ‘sinuosa ' had been established 
by Brocchi (1814) and later regarded as a junior syn¬ 
onym of T. terebratula (Lee et al. 2001). We have re¬ 
cently demonstrated this synonymity to be untenable 
on the basis of a statistical comparison of shell 
shapes of the same species as included in this paper 
(Taddei et al., in press). We therefore regard T. 'sinu¬ 
osa ' as a distinct morphotype waiting for its specific 
status to be assessed in full. 

Terebratula ‘sinuosa ’ (Fig. 1) was collected from 
the Pictra Lecccse Formation at Cursi-Mclpignano 
(Lecce-Apulia), Tortonian (Miocene) in age. The 
palaeocnvironment corresponds to the Recent cir- 
calittoral - Coastal Detritic Biococnosis (DC, Peres 
& Picard 1964). Twenty-three specimens were in¬ 
cluded in the analysis. The dorsal valve shows two 
ridges radiating from the umbo to reach the commis¬ 
sure. During growth, the folds in the dorsal valve be¬ 
come more evident and a shallow furrow develops 
between them. In the ventral valve two furrows, with 
a median fold in between, run from the thicker part 
of the shell. The anterior commissure is strongly sul- 
ciplicate and the shell sub-pentagonal in dorsal view. 
The umbo is moderately prominent and incurved. 
The foramen is medium-sized, epithyrid. The dcltid- 
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Fig. I. Terebratula ‘simiosa’ Brocchi from Cursi Melpignano (Apulia, Laic Miocene). The figure shows dorsal, lateral 
and frontal views at various growth stages. A-C, specimen S3822; D-F specimen S3807; G-I, specimen S3813; J-L, speci¬ 
men S3832. All specimens arc reproduced at natural size. 


ium is small; the pedicle collar is little developed. 
Teeth are medium-sized, dental sockets bear massive 
ridges externally and fainter internally. The posterior 
part of the shells is somewhat thickened. In this sam¬ 
ple shell length varies between 20.1 and 43.8 mm. 
The centroid size (a proxy of shell size, see below) 
varies between 26.4 and 55.6. 


Thirty-three specimens of T. ampulla (Brocchi) 
(Fig. 2) were collected from arenites of the ‘Sabbie 
Astianc’ facies at Valle Botto (Asti-Piedmont), and 
are Middle-Upper Pliocene in age. In this species, 
the shell is biconvex, enlarged in the anterior part. 
Two consistent folds run close to each other on the 
dorsal valve, as opposed to wider and gentle furrows 



Fig. 2. Terebratula ampulla (Brocchi) from Valle Botto (Asti- Piedmont, Late Pliocene). The figure shows dorsal, lateral 
and frontal views at various growth stages. A-C, specimen A622; D-F specimen A602; G-I, specimen A618. All specimens 
are reproduced at natural size. 
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Fig. 3. Terebratula terebratula Linnaeus from Poggiofranco (Canne della Battaglia-Apulia, Late Pliocene). The tigure 
shows dorsal, lateral and frontal views at various growth stages. A-C, specimen T3516; D-F specimen T3714; G-l, specimen 
T3588. All specimens arc reproduced at natural size. 


in the ventral valve. These furrows run laterally to a 
faint median fold. The commissure is sulciplicate. 
The umbo is large, massive, and incurved. The fo¬ 
ramen is mesothyrid to permesothyrid. The pedicle 
collar is well-developed. Teeth are large, the brachid- 
ium is a little elongated anteriorly, the cardinal proc¬ 
ess is Hat and semicircular. In this sample shell 
length varies between 20.4 and 46.7 mm. The cen¬ 
troid size varies between 27.0 and 60.9. 

Terebratula terebratula (Linnaeus) (Fig. 3) was 
collected from the Calcarcniti di Gravina Formation 
at Poggiofranco (Canne della Battaglia-Apulia), Late 
Pliocene in age. The sediments are bioclastic cal- 
carenites with a notable pelilic component. The pal- 
aeoenvironment is circalittoral with Muddy Detritic 
Biocoenosis (DE, Peres & Picard 1964) of a cool- 
temperate setting. Thirty-seven individuals were in¬ 
cluded. The shell, ovoidal, is large, up to 58 mm in 
length. The commissure is uniplicate to slightly sul¬ 


ciplicate, but rectimarginate in young individuals. 
There are two faint (but always present) folds on the 
dorsal valve. The umbo is massive and incurved. The 
circular foramen is small compared to other species, 
mesothyrid to permesothyrid. The pedicle collar is 
well developed. Teeth are large. The cardinal process 
is rounded. The cardinal plates are concave, sepa¬ 
rated by prominent inner socket ridges. In this sam¬ 
ple, shell length varies between 30.1 and 49.1 mm. 
The centroid size varies between 39.7 and 64.1. 

Finally, at Gallina, near Reggio Calabria (South¬ 
ern Italy) we collected 32 specimens of T. scillae 
Scguenza (Fig. 4). These fossils were recovered from 
sands with a notable politic and bioclastic compo¬ 
nent, which are Early Pleistocene (Emilian) in age. 
The shells arc very large, up to 100 mm in length. 
The shape, subcircular with rectimarginate commis¬ 
sure in young Specimens, becomes ovoidal, with a 
uniplicate commissure in adults. In the dorsal valve, 
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Fig. 4. Terebralula scillae from Gallina (Reggio Calabria, Southern Italy, Early Pleistocene). The figure shows dorsal, 
lateral and frontal views at various growth stages. A-C, specimen S106; D-F, specimen S1051; G-I, specimen S1087. All 
specimens are reproduced at natural size. 


two small folds run along the valve length, thus 
forming a wide sinus which receives a strong enfold¬ 
ing from the ventral valve. The umbo is curved, 
prominent. The foramen is large, epithyrid. The pedi¬ 
cle collar is well-developed. Teeth are large. The car¬ 
dinal process is rounded. Cardinal plates arc concave 
and separated by prominent inner socket ridges. In 
this sample shell, length varies between 22.5 and 
84.0 mm. The centroid size varies between 30.2 and 
111.3. 


Choice of landmarks 

Landmarks were meant to capture recursive features 
in the Terebralula species included here, that would 
have been useful to highlight main differences in their 
external shapes (Fig. 5). Landmarks 1, 2, and 3 were 
located at the umbo posteriormost point (I) and at the 
posterior (2) and anterior (3 ) margins of the pedicle 
foramen. Point 4 was located at the inflection of the 
curvature of the commissure line as the latter goes 
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1 & 2 
\ 3 



Fig. 5. Location of landmarks over an ideal brachiopod. 

from the umbo to the shell front. Landmarks 5. 6, and 
7 were located at the front of the shell. In the Tere- 
bratula included here two symmetrical ridges run 
along the brachial valve, almost radially from the 
umbo, and reach the commissure. These ridges are 
prominent in T. ‘simtosa' and fainter in the other spe¬ 
cies. At the commissure, the ridges meet the plicature 
at its highest points. In uniplicate forms, these points 
mark the plicature external limits. In sulciplicate 
forms, they are the highest points (dorsally) of the 
plicature. Landmarks 5, and 6 were located at these 
points. Landmark 7 lies midway in between land¬ 
marks 5 and 6. In sulciplicate forms, it corresponds to 
the lowest point of the plicature. Technically speak¬ 
ing, landmarks I, 2, and 3 are type I (homologous) 
landmarks. The remainder are pseudolandmarks. Ge¬ 
ometric morphometries includes the use of both ho¬ 
mologous and operationally analogous (pscudoland- 
marks) as indicators for shape analysis. 

Allometry of linear measurement 

The focus of this paper is the study of ontogenetic al¬ 
lometry in four Terebratula species, using 3D geo¬ 
metric morphometric techniques. We nonetheless 
did not disregard the importance of more traditional 
approaches based on linear measurements. Conse¬ 
quently, we performed such traditional analyses of 
allometry by performing linear regression of shell 
lengths, heights, and intenal plicature length, all 
against the centroid size. The centroid size (CS, that 
is the square root of the mean squared distance from 
each landmark to the centroid of the landmark con¬ 
figuration) is a proxy for shell size. The independent 
variables were calculated as linear distances between 
each pair of landmarks after specimens had been 
aligned (without scaling to the unit centroid size, see 
below). Thus, the distance between landmarks 1-7 
was considered to be the shell length, 8-9 the shell 
height and the sum of distances 5-7 plus 7-6 the 
length of plicature internal part (hereafter internal 


plicature). We caution that this latter variable should 
not be interpreted as the actual length of the plica¬ 
ture. In uniplicate forms plicature raises above the 
commissure plane thus increasing its actual length. 
Therefore, our ‘internal plicature" does not capture 
this lengthening. Similarly, in sulciplicate forms, it 
does not measure the external parts of their plicature. 
We retained this variable for comparative purposes 
as it shows the ontogenetic changes at the front of the 
commissure. All variables were In-transformed be¬ 
fore analyses to meet the assumption of normality. 
Regressions were performed by the standardised 
major axis method (La Barbera 1989). 

Geometric morphometries 

We registered landmark positions by using a Micro- 
scribe GS device. The Microscribe includes a jointed 
arm whose extremity is equipped with a thin-pointed, 
metal pen. The tip of the pen should be located over the 
landmark on the specimen to record its position in 
space. Landmarks were taken on 130 specimens (40 /.’ 
terebratula Linnaeus, 32 T. scillae Seguenza, 35 T. am¬ 
pulla (Brocchi), and 23 T. 'sinuosc. ' Brocchi). Raw 
landmark positions were rotated translated and scaled 
to the unit centroid via a generalised procrustes analy¬ 
sis (GPA. Rohlf & Slice 1990). GPA removes size dif¬ 
ferences and reduces shape differences to pure (i.e. not 
due to either different position or orientation of the 
specimens) shape dissimilarity. Plainly, these configu¬ 
rations of landmarks include errors due both to our 
manual inaccuracy and to the deformation imposed by 
taphonomic processes. Given these inevitable flaws, 
after the configurations had been aligned and scaled 
we removed specimens if intraspecific procrustes dis¬ 
tance (</, the square root of the summed squared dis¬ 
tances between homologous landmarks between a pair 
of configurations) was more than 1.96 standard devia¬ 
tions larger than the mean intraspecific distance. The 
1.96 standard deviations rule follows from the normal 
distribution of r/s and it is known to include 95% of the 
specimens. This criterion led to us removing five out of 
130 specimens (3 T. terebratula. and 2 T. ampulla). For 
those which have been eventually included, we calcu¬ 
lated the error term by using interlandmark distances 
5-7 and 7-6. Ideally, as brachiopods are bilateral ani¬ 
mals, these distances should be equal to each other, 
provided no error occurs. We calculated the coefficient 
of variation of the difference between segments 5-7 
and 7-6 for each species. Then, we regressed squared 
deviations (from the mean difference) against centroid 
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size. Theoretically, manual errors should be larger for 
smaller specimens (as the Microscribe’s pen tip diame¬ 
ter has a constant size) hence forcing error terms to 
grow with a slope smaller than 1 if regressed against 
centroid size (because the ‘relative’ importance of er¬ 
rors decreases with size). Thus, a slope significantly 
smaller than 1 is expected if manual errors dominate 
the error term. Alternatively, if significant error differ¬ 
ences relate to species and not to size, the relative con¬ 
tribution of taphonomic deformation should be taken 
as being more important than manual errors. Usually, 
variance terms are little influenced by taphonomic 
sorting, as it has been shown by Krause (2004) in a ge¬ 
ometric morphometric-based comparison of live/dead 
populations of Terebmtalia transversa (Sowerby. 
1846). We performed such a test on intralandmark dis¬ 
tances taken at the commissure, which is, by far the 
most variable shape characteristic among Terebmtula 
species, and even more so in ontogetic series. 

Shape variables taken from GPA were regressed 
against the natural logarithm of centroid size (InCS) 
to test for allometric effects of size over shell shape. 
This test was repeated for each species separately by 
using the Three DRfcgress software (Sheets 2002). 

Shape variables were also used to perform a prin¬ 
cipal component analysis, meant to reduce the variable 
number and find principal axes of shape variation. 
Principal components scores served as the independ¬ 
ent variables to perform a multivariate analysis of cov¬ 
ariance MANCOVA test, with species as factors and 
InCS as the covariate. This analysis indicated if the 
shape differences among species were statistically sig¬ 
nificant after controlling for allometric effects (if any) 
of size. To take the covariatc into account, MANCOVA 
regresses it against the independent variables. By test¬ 
ing the interaction of the factors with the covariatc, 
MANCOVA indicates if slopes and intercepts differ 
among species. Since we had included ontogenetic se¬ 
ries, MANCOVA revealed whether or not growth tra¬ 
jectories differ among the Terebmtula species we 
studied. As that was the case, we repeated multivariate 
analysis of variance (by removing the covariate ef¬ 
fects) after standardising shape data to the smallest 
size per species (standardisation was done by fitting 

Table I. 


all species to the same regression line, see Zelditch et 
ah, 2004) and comparing their values. This was desir¬ 
able since we were interested in pure shape differ¬ 
ences. A new analysis of variance MANOVA was then 
performed on standardised data. It tested possible 
shape differences between species after the allometric 
effect of size had been factored out. 

After shape differences were assessed we 
searched for possible heterochronic phenomena by 
exploring if and how growth trajectories depart from 
each other in Terebmtula species. To achieve this 
goal, we calculated the angle between the vectors of 
allometric growths of the species we studied (Zeld¬ 
itch et al. 2004). Then, we standardised the shape data 
tw'ice. First, at the largest value among the smallest 
InCS per species, then, at the smallest value among 
the largest InCS per species. Procrustes distances (the 
most appropriate measure of morphological differ¬ 
ences in the realm of geometric morphometries) be¬ 
tween species were then computed after both stand¬ 
ardisations, and compared at the two standard shell 
sizes. This latter set of analyses allowed us to discover 
if, between species pairs, shapes either diverge, con¬ 
verge or run parallel during growth. 

Generalised Procrustes Analyses (GPAs) were 
performed with Morfologika 2 (O’Higgins & Jones 
2006). Data standardisations were performed with 
ThreeDStand6 (Sheets 2004a). Regressions of shape 
against InCS were performed with ThrccDRegress6 
(Sheets 2002). Angles between ontogenetic vectors 
were calculated with V3Comp (Sheets 2004b). Sim¬ 
ple 3D (Sheets 2001) was used to compute distances 
between species. 

RESULTS 

The variance of the difference in lengths between in¬ 
terlandmark distance 5-7 and 7-6 is 3.746 in T. tere¬ 
bmtula Linnaeus, 4.931 in T. scillae Seguenza, 1.509 
in T. ampulla (Broechi) and 0.822 in T. ‘sinuosa' Broc- 
chi. The slope of the regression of squared deviations 
against centroid size is smaller than I for T. ’.sinuosa' 
only (Table 1), but differs across species. Intercepts 


Regression of squared deviations from the mean of interlandmark distances 5-7 and 7-6 against centroid size. 


Group 

n 

R2 

P 

Slope 

LowCI 

UppCI 

T. terebmtula 

37 

0.774 

0.0000 

0.906 

0.770 

1.065 

T. scillae 

32 

0.870 

0.0000 

1.025 

0.897 

1.172 

T. ampulla 

33 

0.614 

0.0000 

0.865 

0.690 

1.084 

T. 'sinuosa ’ 

23 

0.815 

0.0000 

0.782 

0.644 

0.949 
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Table 2. Reduced major axis regressions of interlandmark distances against InCS. The InCS is the independent variable. 
Groups as indicated in Table 1. 


A - internal plicature length 

Group 

n 

R2 

P 

Slope 

LowCI 

UppCI 

T. terebralula 

37 

0.080 

0.090 

1.357 

0.982 

1.875 

T. scillae 

32 

0.892 

0.000 

0.858 

0.759 

0.969 

T. ampulla 

33 

0.766 

0.000 

1.356 

1.137 

1.618 

T. 'sinuosa' 

23 

0.707 

0.000 

0.954 

0.748 

1.217 

B - shell length 

Group 

n 

R2 

P 

Slope 

LowCI 

UppCI 

T. terebralula 

37 

0.994 

0.000 

1.02 

0.99 

1.05 

T. scillae 

32 

0.999 

0.000 

1.01 

0.99 

1.02 

T. ampulla 

33 

0.994 

0.000 

1.00 

0.97 

1.03 

T. 'sinuosa ’ 

23 

0.994 

0.000 

1.02 

0.98 

1.05 

C - shell height 

Group 

n 

R2 

p 

Slope 

LowCI 

UppCI 

T. terebralula 

37 

0.868 

0.000 

1.315 

1.162 

1.490 

T. scillae 

32 

0.988 

0.000 

1.319 

1.265 

1.375 

T. ampulla 

33 

0.951 

0.000 

1.477 

1.362 

1.603 

T. ’sinuosa’ 

23 

0.857 

0.000 

0.963 

0.811 

1.142 


are not different between species. These results indi¬ 
cate that both manual and deformation errors probably 
occur with the latter plainly dominating. 

Traditional allometric regressions indicate that in¬ 
ternal plicature grows in negative allometry in T. scil- 
lae and isomctrically in other species (Table 2A). 
While this deviation seen in T. scillae is interesting per 
se, we point out that absolute length of the plicature 
grows with size in all species although in different 
ways (Figs 1-4, 6). Shell length grows in perfect isom¬ 
etry across species (Table 2B). The test reveals that 
there is a significant shift along this common slope (F 
= 28.020, p « 0.001). Games-Howell post-hoc test in¬ 
dicated T. scillae to be significantly larger than the 
other species and T. 'sinuosa' to be significantly 
smaller than the others. Contrary to shell length, height 
grows in strong positive allometry (Table 2C) in all 
species except T. 'sinuosa where it is isometric. 

The multivariate regression of shape variables 
(drawn from GPA) on InCS reveals a significant ef¬ 
fect of size on shape (Wilks Lambda = 0.325; F= 
10.812; p = 0.018; dfl=I04; d(2 - 20). Moreover, 
MANCOVA indicates this effect to change across 
species (intercept; Wilk’s Lambda = 0.479; F = 
13.548; p « 0.0001 and interaction species * InCS 


slope: Wilk's Lambda = 0.034; F = 17.25; p « 
0.0001), taking species as the factor and InCS as the 
covariatc. We then factored out InCS by standardis¬ 
ing each species to the smallest size and tested if re¬ 
siduals of shape differ across species by means of 



T. “sinuosa " 

T. ampulla 

T. terebralula 

T. scillae 

juveniles 


-^9 

^7 

adults 



**) 


Fig. 6 . Landmarks were united in a wireframe as shown 
in the 3D model in the upper part of the figure. Wireframes 
for each species configuration at the smallest (up) and the 
largest (down) InCS are reproduced to show how shell shape 
and proportions change across ontogeny in each species. 
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Table 3. Regression of Procrustes distances d between each individual's shape and the mean shape of the three smallest 
specimens against the individual’s InCS. Significant regression slopes indicate shape to change with growth. 


REGRESSION OF cl ON InCS 


Wilks lambda 

F score 

P 

Exp. Var. 

T. ampulla 

0.127 

4.681 

0.003 

87.25% 

T. scillae 

0.101 

5.682 

0.001 

89.90% 

T. sinuosa ’ 

0.154 

0.864 

0.640 

84.55% 

T. ferebratula 

0.289 

2.199 

0.054 

71.08% 


Table 4. Angles between growth vectors. 


Species 1 

Species 2 

Between Species 

Within Species 1 

Within Species 2 

T. ampulla 

T. scillae 

47.7 

35.5 

35.6 

T. ampulla 

T. 'sinuosa ’ 

75.5 

39.2 

68.7 

T. ampulla 

T. ferebratula 

63.5 

33.7 

60.7 

T. scillae 

T. ‘sinuosa ’ 

83.8 

39.2 

71.6 

T. scillae 

T. ferebratula 

87.9 

33.2 

73.7 

T. ‘sinuosa' 

T. ferebratula 

76.6 

70.7 

72.7 


Table 5. Procrustes distances between size standardised data. Data were standardised once at the largest value among the 
smallest InCS per species. Then, at the smallest value among the largest InCS per species. 



T. ampulla 

T. scillae 

T. ‘sinuosa’ 

T. terebratula 

T. ampulla 


0.083 

0.051 

0.087 

T. scillae 

0.073 


0.096 

0.086 

T. 'sinuosa' 

0.078 

0.093 


0.114 

T. terebratula 

0.103 

0.083 

0.107 



lower corner “juveniles (mean distance = 0.090) 
upper comer = adults (mean distance = 0.086) 


MANOVA (while testing the efficacy of standardisa¬ 
tion including InCS as a factor). Species did differ in 
shape irrespective of centroid sizes (species: Wilk s 
Lambda = 0.012; F = 58.242; p « 0.0001 and InCS: 
Wilk’s Lambda = 1; F = 0.001; p = 1). 

We had found that shell size exerts a large effect 
on shape and that this effect follows different paths 
across species. We also found that shapes differ irre¬ 
spective of sizes. What we did not know was whether 
or not size allomctric effects within species are as per¬ 
vasive as they are across species anti whether or not 
shape differences among species cither increase or de¬ 
crease during growth. Regressing shapes against cen¬ 
troid sizes within species gives interesting results 
(Table 3), as T. 'sinuosa' and partly T. ferebratula do 
not seem to have been influenced by size (i.c. they did 
not grow allometrically). In T. terebmiula this result is 
very suspicious as significance level is very close to 


the alpha level (i.e. 0.05) and because of this we did 
not include very small specimens for this species. 

Angles between growth vectors differ across spe¬ 
cies (Table 4). Nonetheless, overall shape differences 
arc more similar after standardising at the largest 
minimum InCS than after standardising at the small¬ 
est maximum InCS (Table 5). Although this suggests 
the total ‘morphospace’ occupied probably does not 
change with growth, we know that the relative posi¬ 
tion of species within this morphospace changes sig¬ 
nificantly. I ampulla and T. 'sinuosa' tend to 
converge in shape, while T. scillae tend to diverge 
from T. ampulla to converge on T. terebmiula. Shape 
in this latter species seems to have been the most dis¬ 
tinctive, judging from these distances (Table 5). 
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DISCUSSION AND CONCLUSIONS 

Given the limitation of our data entries (we had nei¬ 
ther age data nor a robust phylogeny) we could not in¬ 
vestigate heterochrony. Allometric heterochrony 
(sensu McKinney 1988) would have been nonetheless 
evident at analysing growth vectors (i.c. in the case of 
common slopes in size-shape regressions). This means 
that each species had its own growth trajectory. If 
these trajectories were either divergent or convergent 
it then remains a matter for the more ample realm of 
ontogenetic allometry, not of heterochrony. We have 
found strong evidence for ontogenetic allometry in all 
but one species. In the literature, both cases of allom¬ 
etric and isometric growth have been reported in bra- 
chiopods. Taddei Ruggiero (1986) and McGhee 
(2001) found allometric growth in Terebmtula scillae 
Seguenza and Lycophoria micella (Daltnan), respec¬ 
tively, while Haney et al. (2001) found isometric 
growth in the strophomenid Sowerbyelta. When com¬ 
paring species, the direction of these allometric vec¬ 
tors is interesting for it could either confirm or 
contravene the biological hypothesis of shape variabil¬ 
ity at different stages of life, such as determined by 
von Baer’s Law. Taddei Ruggiero (1986) noted that T. 
scillae juveniles were highly variable and Krause 
(2004) similarly reported on the great morphological 
variance of Terebmtalia transversa. In the latter case, 
variability has been ascribed to the inability of T. 
transversa larvae to reorient in response to changes in 
water current once they settle (see Krause 2004). 
Hence, most variations occur at later stages of ontog¬ 
eny in T. transversa. In contrast, von Baer’s Second 
Law suggests early development to be conservative. 
As a consequence, morphological divergence should 
then occur at later ontogenetic stages. Like Krause’s 
work, our data did not conform to this 'rule’. Perhaps, 
this is not surprising, as other studies found negative 
evidence for von Baer’s Law in cchinodcrms (Wray 
1995) and fishes (Zelditch et al. 2003). 

Indeed, brachiopod development covers a larval 
stage we could not have included. In addition we did 
not observe early post-larval growth. This is hardly 
surprising given that we were dealing with fossil ma¬ 
terial. Thus, we lack those early stages in develop¬ 
ment when morphological differentiation should 
have occurred, given that we find that shape differ¬ 
ences among the species arc statistically significant 
even after the effect of size has been removed. This is 
important per sc, for one of the species we had rec¬ 
ognised, T. 'simtosa' is formally invalid, although we 
had already shown it to be a morphologically dis¬ 


crete form in another paper (Taddei Ruggiero et al., 
in press). More important to this study, we found all 
the species with the exception of T. 'simtosa 'to grow 
allometrically. Although this allometric forcing by 
shell size follows different routes in different spe¬ 
cies, some points are nonetheless common to all. 
Firstly, the shell grows in height in strong positive al¬ 
lometry in all but one species (as in the pentameride 
brachiopod Lycophoria nucella McGhee, 2001), 
while shell length does follow perfect isometry. Sec¬ 
ondly, the plicature becomes longer with growth 
(Figs 1-4, 6). This appears to satisfy a fully func¬ 
tional requirement according to Rudwick (1964). 

The plicature connects the lophophore to the water 
current that the brachiopods exploit in their filter-feed¬ 
ing activity. The magnitude of this inhalant water cur¬ 
rent depends on the plicature length, while metabolic 
requirements depend on the organism mass. Given 
their unfavourable surface to volume ratio, larger indi¬ 
viduals require longer plicature lengths. Across spe¬ 
cies, the inheritance of body shape appears to be a 
morphological constraint channelling the production 
of similar devices with different raw material (Gould 
1984,2002). The effect of this channelling (and of the 
underlying shape inheritance as well) is evident here. 
In T. ampulla an adequate surface to volume ratio is 
met by deepening folds and sulci in the ventral and 
dorsal valve, respectively. Conversely, in the uniplicatc 
T. scillae and T. terebratula, the plicature changes from 
young rectimarginate individuals to rise well above the 
commissure plane in older individuals. Plicature shape 
and growth patterns suggests some similarity between 
T. scillae and T. terebratula on the one hand and T. 'sin- 
uosa ’ and T. ampulla on the other, whereas for T. scil¬ 
lae and T. ampulla the shell becomes much higher dur¬ 
ing growth, and for T. ‘simtosa ’ and T. terebratula shell 
deepening is far less evident and the plicature internal 
part grows isometrically. With T. scillae only, internal 
plicature becomes relatively smaller (while rising well 
above the commissure plane) during growth. These 
patterns form a mosaic of ontogenetic pathways in ex¬ 
ternal shape that account for the significant shape dif¬ 
ferences we found. Yet, the phylogenetic history of 
these patterns remains unclear. Gaetani and Sacca 
(1985) proposed that T. ampulla and T. sinuosa (which 
they recognised to be a valid species) were ancestral to 
T. scillae and T. terebmtula. respectively. They also 
correctly noted that T. terebmtula (T. calabm in their 
taxonomy) is slightly sulciplicate in some specimens. 
Uniplicatc commissures neither appear in the ontoge¬ 
nies of T. 'simtosa 'nor in T. ampulla , while in the other 
two species juveniles are always rectimarginate. 
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We conclude, therefore, that uniplicate commis¬ 
sure appeared de novo in the large T. terebratula , and 
continued in the stratigraphically younger, even 
larger and always uniplicate T. scillae. There is then, 
a genuine genus-level pattern toward larger shell size 
and simpler plicatures in Terebratula, of which T. 
terebratula and T. scillae are, respectively, the inter¬ 
mediate and terminal steps. Whatever the correct 
phylogeny, this pattern did not take place via hetero¬ 
chronic modifications of ontogenies of ancestral 
species but via the acquisition of a new plicature 
type and different growth patterns. 
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A BIPOLAR BRACHIOPOD GENUS TERRAKEA BOOKER, 1930 
FROM THE MIDDLE PERMIAN OF THE SOUTH KITAKAMI BELT, 

NORTHEAST JAPAN 


J. Tazawa 
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Tazawa, J., 2008. A bipolar brachiopod genus Terrakea Booker, 1930 from the Middle Permian of the 
South Kitakami Belt, northeast Japan. Proceedings of the Royal Society of Victoria 120(1): 332- 
340. ISSN 0035-9211. 

In this paper I describe Terrakea japonica sp. nov., from the Middle Permian (Wordian) of the South 
Kitakami Belt, northeast Japan. This is the first record of Terrakea from Japan. The occurrence of a typical 
bipolar (antitropial) brachiopod genus Terrakea from the Middle Permian of the South Kitakami Belt sup¬ 
ports the strike-slip model, a tectonic model of Japan, that implies the South Kitakami area was located at 
the Boreal-Tethyan transitional zone of the Northern Hemisphere in the Middle Permian. 

Key words: brachiopod, Middle Permian, northeast Japan, South Kitakami Belt, Terrakea, 


TERRAKEA Booker. 1930 is a typical bipolar (anti- 
tropical) brachiopod genus in the Permian. The bipo¬ 
larity of this genus has been recognized for many 
years (Waterhouse 1971; Shi & Grunt 2000; Arch¬ 
bold 2002; Weldon & Shi 2007). It has been reported 
from the Lower to Upper Permian of the Boreal re¬ 
gion (northern Russia, northeastern Mongolia and 
Arctic Canada), the Gondwanan region (eastern Aus¬ 
tralia and New Zealand) and the transitional region 
of the Southern Hemisphere (Himalayas). 

In the spring of 2000, I collected, with help of a 
student Y. Ibaraki, many specimens of Terrakea from 
sandstone beds of the lower Kanokura Formation in 
the southern Kitakami Mountains (South Kitakami 
Belt), northeast Japan. The fossil locality KF217 is a 
road-cutting along the Ishikagorisawa, a small tribu¬ 
tary of Imosawa, Into, Yahagi-cho, Rikuzentakata 
City, Iwatc Prefecture (Fig. 1). The brachiopod fos¬ 
sils were collected from light greenish grey to light 
brown, fine-grained sandstone of the upper Lower 
Kanokura Formation (= lower part of the Kamiyasse 
Formation of Misaki & Ehiro 2004). The age of this 
fossil horizon is considered to be Wordian from the 
ammonoid data (Misaki & Fhiro 2004; Ehiro & Mis¬ 
aki 2005). 

In this paper the brachiopod specimens are de¬ 
scribed as Terrakea japonica sp. nov. This is the first 
record of Terrakea in Japan. Now the occurrence of 
the genus Terrakea from the South Kitakami Belt, 
which belongs to the transitional region of the North¬ 
ern Hemisphere is documented certainly. All the 
specimens described in this study are registered and 
housed in the Department of Geology, Faculty of 
Science, Niigata University. 


DISTRIBUTION OF TERRAKEA 

To date the following 29 species of Terrakea have been 
described from the Lower Permian (Asselian) to Upper 
Permian (Changhsingian) of northern Russia (Kanin 
Peninsula and Kolyma-Omolon region), Arctic Canada 
(northern Yukon Territory), northeastern Mongolia, 
Himalayas, eastern Australia and New Zealand: Terra¬ 
kea brachythaem (Morris, 1845); Terrakea elongata 
(Etheridge& Dun, 1909); Tcrntkeasolida (Etheridge & 
Dun, 1909); Termkeapollex Hill, 1950; Terrakea sp. A 
Wass, 1965; Termkea sp. Waterhouse, 1967; Termkea 
dickinsi Dear, 1971; Termkea sp. cf. T. dickinsi Dear, 
1971 (Dickins 1981); Termkea exntoorensis Dear, 
1971; Termkea sp. ef. T. exntoorensis Dear, 1971 (Wa¬ 
terhouse 2001); Termkea multispinosa Dear, 1971; Ter¬ 
mkea sp. off. T. multispinosa Dear, 1971 (Waterhouse 
1978); Terrakea arctica Waterhouse 1971; Termkea sp. 
aff. T. arctica Waterhouse, 1971 (Stepanov ct al. 1975); 
Terrakea sp. Zhang & Citing, 1976; Termkea belokhini 
Ganelin in Grigorjewa ct al.. 1977; Termkea bomalis 
Ganelin in Grigorjewa et al., 1977; Termkea gmrtdis 
Ganelin in Grigoq'ewa et al., 1977; Terrakea sp. Water- 
house & Mutch. 1978; Termkea verecundum Water- 
house, 1982; Termkea sp. Waterhouse, 1982; Termkea 
vemacula Manankov, 1992; Terrakea echinata Manan¬ 
kov, 1992; Termkea arguta Manankov, 1992; Termkea 
sp. Briggs & Campbell, 1993; Termkea'? sp. Shi & Wa¬ 
terhouse, 1996; Termkea etheridgei Briggs, 1998; Ter¬ 
mkea quadmta Briggs, 1998; and Termkea duwsonensis 
(Waterhouse, 2001). 

Now a new species, Terrakea japonica Tazawa, 
sp. nov., from the Middle Permian (Wordian) of the 
South Kitakami Belt, northeast Japan is added to this 
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list. In the Middle Permian, the South Kitakami area 
was probably located at the transitional zone between 
the Boreal and Tethyan Realms nearby the North 
China (Sino-Korea) Block. The stratigraphical and 
geographical distributions of a total of 30 species of 
Terrakea are summarized and shown in Figure 2 and 
Table 1. 

Recently Weldon and Shi (2007) provided an ex¬ 
cellent review of Terrakea and allied genera. They 
listed 34 species of Terrakea (s.l .), including species of 
the genera Terrakea Booker 1930, Saetosina Water- 
house 1986, Paucispinauria Waterhouse 1983, Pineg- 
eria Waterhouse 2001 and Spargospinosa Waterhouse 
2001. However, I consider that both Paucispinauria 
and Pinegeria are distinctive genera and different from 
Terrakea as discussed by Waterhouse (2001). There¬ 
fore, the following six species are excluded from the 
list: Terrakea ( Paucispinauria ) concava (Waterhouse, 
1964); Terrakea (Paucispinauria) geniculata Water- 
house, 1986; Terrakea (Paucispinauria) paucispinosa 
wardenensis Waterhouse, 2001; Terrakea (Paucispin¬ 
auria) paucispinosa Waterhouse, 1986; Terrakea 
(Pinegeria)pinegensis (Grigorjeva in Grigorjeva et ah, 
1977); and Terrakea (Pinegeria'!) minima (Solomina, 
1988). The following two species should be excluded 


front this list as junior synonyms: Terrakea aurispina 
Waterhouse, 1982 (= Terrakea dickinsi Dear, by Water- 
house 2001, p. 42) and Briggs 1998 (= Terrakea ex- 
moorensis Dear, by Waterhouse 2001, p. 42). Moreover, 
the following three forms are not referred to Terrakea 
in shape and outline of shell and surface ornament of 
both valves, and they are also excluded front the above 
list: Terrakea (Spargospinosa) ef. belokhini Klets et 
ah, 2001; Terrakea (Spargospinosa) korkodonensis 
(Likharev in Kaschirzev, 1959); and Terrakea nalivkini 
Grunt, 1973. Instead, the following six forms are added 
to the list of Weldon and Shi (2007) as the species of 
the genus Terrakea : Terrakea sp. Waterhouse, 1967; 
Terrakea sp. cf. T. dickinsi Dear, 1971 (Dickins 1981); 
Terrakea sp. cf. T. exmoorensis Dear, 1971 (Waterhouse 
2001); Ternikea sp. all'. T. arctica Waterhouse, 1971 
(Stepanov et ah 1975); Ternikea sp. Waterhouse & 
Mutch, 1978; and Terrakea sp. Briggs & Campbell, 
1993. 

DISCUSSION 

Terrakea has hitherto been described from the Per¬ 
mian of the Boreal, Godwanan and transitional regions 
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Table I. Stratigraphical and geographical distributions of Terrakea. 
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Terrakea elongata (Etheridge & Dun, 1909) 
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Terrakea solida (Etheridge & Dun, 1909) 
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Terrakea pollex Hill, 1950 
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Terrakea sp. A (Wass, 1965) 
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Terrakea sp. (Waterhouse, 1967) 
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Terrakea dickinsi Dear, 1971 
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Terrakea sp. cf. T. dickinsi Dear, 1971 
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Terrakea exmoorensis Dear, 1971 
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Terrakea sp. cf. T. exmoorensis Dear, 1971 
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Terrakea multispinosa Dear, 1971 
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Terrakea sp. aff. T. multispinosa Dear, 1971 
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Terrakea arctica Waterhouse, 1971 
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Terrakea sp. aff. T. arctica Waterhouse, 1971 
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Terrakea sp. (Zhang & Ching, 1976) 
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Terrakea belokhini Ganelin, 1977 
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Terrakea borealis Ganelin, 1977 
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Terrakea grandis Ganelin, 1977 
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Terrakea sp. (Waterhouse & Mutch, 1978) 
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Terrakea verecundum Waterhouse, 1982 
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Terrakea sp. (Waterhouse, 1982) 
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Terrakea vernacula Manankov, 1992 
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Terrakea echinata Manankov, 1992 
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Terrakea arguta Manankov, 1992 













+ 





Terrakea sp. (Briggs & Campbell, 1993) 
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Terrakea ? sp. (Shi & Waterhouse, 1996) 
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Terrakea etheridgei Briggs, 1998 
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Terrakea quadrata Briggs, 1998 
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Terrakea dawsonensis (Waterhouse, 2001) 
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Terrakea japonica sp. nov. 
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between the Boreal-Tethyan and Gondwanan-Tethyan 
regions. This genus has never been found in the Teth- 
yan region including South China. The occurrence of 
Terrakea from the Middle Permian (Wordian) of the 
South Kitakami Belt is strong evidence for the strike- 
slip model (Tazawa 1993, 2004. 2007). that implies 
the South Kitakami Belt was a continental shelf along 
the eastern border of North China (Sino-Korca) in the 
Middle Permian time. At that time the North China 
Block was located in the mid-latitude of the Northern 
Hemisphere, and the northern to eastern margins of 
North China belonged to a transitional zone between 
the Boreal and Tethyan realms. This transitional zone 


has been named as the Inner Mongolia-Japan Transi¬ 
tional Zone (Tazawa 1991, 2006), the Northern Tran¬ 
sitional Zone (Shi el al. 1995) and the Sino-Mongolian 
Japanese Province (Shi and Tazawa 2001). 

The Boreal-Tethyan mixed brachiopod faunas, 
consisting of Boreal (antitropical) and Tethyan types, 
have been known from the Lower to Upper Permian of 
several localities in the southern Kitakami Mountains 
(South Kitakami Belt), i.e., Setamai, Imo, Kamiyasse, 
Matsukawa, Nabckoshiyama, Utatsu and Ogatsu. The 
Boreal elements are Derbyia, Waagenites, Yakovlevia, 
Megousia, Kochipmductus, Waagenoconcha, Can- 
crinella, Rhynchopora, Attenuatella and Spiriferella. 
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The Tethyan elements are Rhipidomella, Meekella, 
Geyerella, Orthothetina, Capillomesolobus, Spinomar- 
gitttjera, Transennatia, Tyloplecta , Compressopmductus, 
Pennundaria, Umshtenoidea, RjcJithofenia, Leptodiis, 
Oldhamina and Permianella (Tazawa 1982, 1987, 
2002). These faunas indicate that the South Kitakami 
area was located in the Inner Mongolia-Japan Transi¬ 
tional Zone in the Permian lime. 

On the other hand, some authors considered that 
the South Kitakami area was located in the equato¬ 
rial region of the Panthalassa or the Tethys in the Per¬ 
mian, based on the Permian fusulinoidcans and 
foraminifers (Ozawa 1987; Kobayashi 1999), rugose 
corals (Wanget al. 2006), bivalves (Nakazawa 1991) 
and antmonoids (Ehiro 1997; Ehiro et al. 2005). It 
seems that these taxa are inadequate for the Permian 
palaeobiogeography, because of insufficient data 
from both the Boreal and Gondwanan regions. 

Recently Ucno & Tazawa (2003) and Ueno (2006) 
reviewed the distribution of an antitropica! fusulinoi- 
dean Mohodiexodina, which is restricted in the north¬ 
ern and southern middle latitude regions in the Middle 
Permian. The South Kitakami area is one of the Mono- 
diexodina localities, and it belongs to the northern 
mid-latitude region. Moreover, the palacobiogeograph- 
ical distribution of Permian conulariids, which occur 
also from the South Kitakami area, suggests that they 
have a marked preference for cold to cool-water re¬ 
gions (Weldon & Shi 2003). These data clearly show 
that the South Kitakami area belongs to the transitional 
zone of the Northern Hemisphere in the Permian. 


SYSTEMATIC DESCRIPTIONS 

Order PRODUCT1DA Sarytcheva & 
Sokolskaya, 1959 

Suborder PRODUCTIDINA Waagen, 1883 
Superfamily LINOPRODUCTOIDEA Stehli, 1954 
Family LINOPRODUCTIDAE Stehli, 1954 
Subfamily PAUCISPINAUR1INAE 
Waterhouse, 1986 

Genus Terrakea Booker, 1930 

Saetosina Waterhouse, 1986 p. 54. 

Spargospinosa Waterhouse, 2001, p. 41. 

Type species. Productus brachytluieriis Morris, 1845. 

Diagnosis. Medium to large size Paucispinauriinae, 
with transversely subquadrate ventral valve and 
gcniculated dorsal valve. Ventral valve strongly con¬ 
vex, ornamented by numerous costellae, weak rugae 
and spines; spines include hinge spines, cluster of 
coarser ear spines and recumbent body spines with 
elongate spine bases. Dorsal valve flat to slightly 
concave visceral disc, ornamented by costellae and 
relatively coarser rugae than on ventral valve, and ir¬ 
regularly spaced spines. Interior of ventral valve with 
elongate, dendritic adductor scars; dorsal valve hav¬ 
ing sessile, posteriorly trilobate and ventrally quadri- 
lobate cardinal process. 
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Remarks. Waterhouse (1983, 1986, 2001) proposed a 
number of Terrakea allied genera based on materials 
from the Permian of eastern Australia, New Zealand 
and northern Russia, e.g., Saetosimi, Spargospinosa , 
Paucispinauria and Pinegeria. I follow him and ac¬ 
cept the last two genera Paucispinauria Waterhouse, 
1983 and Pinegeria Waterhouse 2001. However, Sa- 
elosina Waterhouse, 1986, is a junior synonym of 
Terrakea (Briggs 1998; Brunton et al. 2000). Spar¬ 
gospinosa Waterhouse 2001 is also referred to the 
genus Terrakea in shape and outline of shell and sur¬ 
face ornament of both valves. 

Terrakea japonica sp. nov. 

Fig. 3A -L 

Etymology. From the fossil locality, the southern Ki- 
takami Mountains, Japan. 


Holotype. Internal mould of a conjoined valve with 
external mould of the dorsal valve, NU-B702, from 
the upper part of the lower Kanokura Formation at 
Ishikagorisawa, Into, southern Kitakami Mountains, 
northeast Japan. 

Paratypes. Eight specimens from the same locality 
and horizon as the holotype: (1) external and internal 
moulds of a ventral valve, NU-B703; (2) internal 
moulds of a conjoined valve with external mould of 
the dorsal valve, NU-B704; (3) internal moulds of 
two conjoined valves, NU-B705, 706; (4) internal 
moulds of four ventral valves, NU-B707-7I0. 

Diagnosis. Small, slightly transverse Terrakea. with 
strongly convex ventral valve. Both valves having 
long trail and ornamented by numerous fine costel- 
lae and elongate spine bases on disc and trail, rugae 
weak and inconspicuous. 



Fig. 3. Terrakea japonica sp. nov., upper Lower Kanokura Formation, Imosawa in the Imo area, South Kitakami Belt. A- 

C. NU-B702 (holotype), external mould of dorsal valve, internal mould of ventral valve and internal mould of dorsal valve. 

D, E, NU-B705, internal mould of conjoined valve, ventral and dorsal views. F-H, NU-B704, internal mould of ventral 
valve, internal and external moulds of dorsal valve. I, NU-B707, internal mould of ventral valve, J-L, NU-B703, internal 
and external moulds of ventral valve, (L *2). All natural size unless otherwise indicated. 
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Description. Shell small for genus, transversely sub¬ 
quadrate in outline, with greatest width slightly ante¬ 
rior to midvalve; length 28 mm, width 33 mm in the 
largest specimen (holotype, NU-B702). Ventral valve 
strongly convex, rounded geniculate, and followed 
by long trail; umbo large, tapering and strongly in¬ 
curved; venter slightly convex with shallow sulcus; 
flanks steep; ears small, triangular. Dorsal valve gen¬ 
tly convex, slightly geniculate, and followed by long 
trail. External surface of ventral valve ornamented 
by numerous fine costcllae and spine bases; costcllae 
numbering 7-8 per 5 mm at about midvalve; elon¬ 
gate spine bases scattered on disc and trail, and 
coarse rounded spine bases crowded over ears. Ex¬ 
ternal ornament of dorsal valve similar to that of op¬ 
posite valve. Interior of both valves obscure except 
for the cardinal process and median septum of dorsal 
valve; cardinal process sessile and trilobate; median 
septum long, extending to about midvalve, low and 
broad in posterior and high and very thin in anterior. 

Remarks. Terrakea japonica sp. nov. somewhat re¬ 
sembles Terrakea elongate! (Etheridge & Dun, 1909), 
originally described from the Middle Permian (Word- 
ian) of Sonoma, Queensland, the Bowen Basin, east¬ 
ern Australia (see Briggs 1998, p. 180). in shape and 
external ornament of ventral valve. But the Kitakami 
species differs from the Australian species in its more 
transverse and smaller ventral valve. 

Terrakea pollex Hill, 1950, from the Lower Per¬ 
mian (Artinskian) of the Bowen Basin, is also a 
small-sized Terrakea , but it differs from T. japonica 
in having a dorsal valve ornamented by strong con¬ 
centric rugae. 
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There are diverse opinions in the scientific literature concerning the identities of the ostracod taxa T. 
scabrocuneata (Brady. 1880) and T. lytteltonensis Harding & Sylvester-Bradley, 1953. With reference to 
the articles of the International Code ofZoological Nomenclature (4 th Edition), the nomenclature action of 
Harding and Sylvester-Bradley, 1953 stabilised the species T. scabrocuneata (Brady, 1880) by the desig¬ 
nation of a lectotype, which also stabilized the type locality for this species. The establishment of the 
species name T. lytteltonensis by Harding and Sylvester-Bradley, 1953 is also in accord with the articles of 
the International Code ofZoological Nomenclature (4"' Edition, 1999). 


DIFFERING opinions concerning the identity of the 
ostracod species Trachyleberis scabrocuneata 
(Brady, 1880), and the similar species Trachyleberis 
lytteltonensis Harding & Sylvester-Bradley, 1953 
have been expressed in the recent scientific literature 
(i.e. Warne & Whatley 1996; Jcllinek & Swanson 
2003). This short note reviews these taxonomic is¬ 
sues in the context of relevant articles of the Interna¬ 
tional Code ofZoological Nomenclature (4"' Edition) 
(ICZN 1999). 

EARLY DESCRIPTIONS 

The species Cythere scabrocuneata was first de¬ 
scribed by G.S. Brady in 1880. Illustrations of this 
species in Brady’s (1880) monograph occur in pi. 17 
(figs 5a-D and pi. 23 (figs 2a-c). As observed by var¬ 
ious authors (Puri 1953; Warne & Whatley 1996; 
Jcllinek & Swanson 2003). the specimens illustrated 
on these two Brady (1880) plates cannot be recog¬ 
nized as belonging to the same species. Partly as a 
consequence of the subsequent designation of a lec¬ 
totype (see discussion below), a loose concept for the 
carapace morphology of Trachyleberis scrabro- 
cuneata s.l. has mostly become established around 
Brady's (1880) illustrations on pi. 17, figs 5a-f (for 
further discussion see Warne & Whatley 1996). 

As noted by Puri (1953) and others, the original 
material that Brady (1880) used in his initial descrip¬ 


tion of this species came from three separate locali¬ 
ties Bass Strait, Australia, Inland Sea, Japan and 
Wellington Harbour, New Zealand (only the Inland 
Sea, Japan material is known to have survived 
Harding & Sylvester-Bradley, 1953). At the time of 
Brady’s (1880) publication, no single ‘type’ speci¬ 
men (i.e. holotypc) was designated for this species, 
although an effective ‘type series’ still exists within 
the Challenger Expedition collections of the British 
Museum (Natural History) (now Natural History 
Museum, London). In a later publication, Brady 
(1898) also referred specimens from Lyttelton Har¬ 
bour, New Zealand to the species T. scabrocuneata 
(Brady, 1880), and based his description of the genus 
Trachyleberis on these specimens. 

AN INITIAL REVIEW AND A 
CONTRARY REVIEW 

Sylvester-Bradley (1948) re-described some of 
Bradys (1880) original Challenger Collection mate¬ 
rial of T. scabrocuneata from the Inland Sea, Japan 
(Station 233b, 14 fathoms, latitude 34° 20’ N; longi¬ 
tude 133° 35’ E). Sylvester-Bradley (1948) desig¬ 
nated five ‘paratypes’ for Cythere scabrocuneata 
Brady, 1880, although as no lectotype was desig¬ 
nated in this publication (and as Brady’s original spe¬ 
cies concept probably included more than one 
species), the unstable taxonomic status of this spe- 


341 


342 


MARKTHOMAS WARNE 


cies remained. Sylvester-Bradley (1948) also noted 
that specimens attributed by Brady and Norman 
(1889) to Cytherescabrocuneata Brady, 1880 belong 
to a distinct species from the ‘paratype’ specimens of 
T. scabrocuneata he so designated from the Inland 
Sea, Japan. 

Puri (1953) considered that because Brady’s 
(1880) original specimens of Trachyleberis scabro¬ 
cuneata were of two species, and that neither was 
identical to Sylvester-Bradley’s (1948) ‘paratypes’ 
(from the Inland Sea, Japan), that it seemed best to 
take Brady’s (1898) specimens (from Lyttelton Har¬ 
bour. New Zealand) as the actual ‘genotypes’ (Puri, 
January 1953). In expressing this view, Puri, was in 
effect suggesting that Brady s (1898) specimens from 
Lyttelton Harbour, New Zealand, should be chosen to 
represent the type series of Trachyleberis scabro¬ 
cuneata, even though he (Puri 1953) was unaware at 
the time if these specimens were still in existence. Pu¬ 
ri’s (1 953) ‘suggestion’ that the type series of T, scab¬ 
rocuneata include only material from Lyttelton 
Habour, N.Z. does not accord with the original Chal¬ 
lenger Expedition collection material (syntypes) used 
by Brady (1880) to establish Cythere scabrocuneata. 
and thus does not appear to have legitimacy within 
the context of the subsequently published Article 
72.1.1 of the International Code of Zoological No¬ 
menclature (4 lh Edition) (ICZN 1999) - which de¬ 
fines the initial establishment collection as relevant to 
the ‘type series’concept. In sum, Puri's (1953 (contri¬ 
bution does not include an ICZN nomenclature act 
(i.e. valid fixation of a name-bearing type) that stabi¬ 
lizes the species I scabrocuneata (Brady, 1880). 

THE STABILIZATION REVIEW 

Harding and Sylvester-Bradley, (February, 1953) 
nominated one lectotype for Trachyleberis scabro¬ 
cuneata (Brady, 1880) from Brady’s original Chal¬ 
lenger Expedition collection housed within the 
British Museum (Natural History). This lectotype 
(various components of which are mounted on slides 
B.M. 1952.12.10.1 and 2) came from the Inland Sea 
of Japan (Station 233b, 14 fathoms, latitude 34° 20’ 
N; longitude 133° 35’ E). This nomenclature act by 
Harding and Sylvester-Bradley (1953) stabilized the 
species T. scabrocuneata (Article 74.1 of the Inter¬ 
national Code of Zoological Nomenclature, 4 th Edi¬ 
tion - see 74.1.1, 74.1.2, 74.1.3 (ICZN 1999)) and 
stabilized the type locality (Article 76.2 of ICZN, 4 th 
Ed.). Given that the contributions of Sylvester-Brad¬ 


ley (1948) and Puri (1953) either do not include no¬ 
menclature acts that have a retrospective validity 
under the ICZN, and/or do not include nomenclature 
acts that stabilized the species T. scabrocuneata 
(Brady 1880). the nomenclature act of Harding and 
Sylvester-Bradley (1953, designation of a lectotype) 
has precedence with respect to the determination of 
the name-bearing type for this species. Of note, Syl¬ 
vester-Bradley and Harding (1954) confirmed that 
the material figured as T. scabrocuneata in Sylvester- 
Bradley (1948) and Harding and Sylvester-Bradley 
(1953) was from Brady’s original 1880 Challenger 
Expedition collection (Inland Sea of Japan). Of fur¬ 
ther note, Sylvester-Bradley and I larding (1954) also 
specifically indicated that the specimens of T. scab¬ 
rocuneata illustrated in Sylvester-Bradley (1948) 
and Harding and Sylvester-Bradley (1953) are the 
same as some of the specimens used by Brady (1880) 
for the establishment of this species (i.e. part of the 
‘type series’ as defined by Article 73.2 of the Inter¬ 
national Code of Zoological Nomenclature, 4 lh Edi¬ 
tion, ICZN 1999-see 73.2.1). 


RELEVANCE OF SUBSEQUENT REVIEWS 

Puri and Hidings (1976) reported that the lectotype 
of Harding and Sylvester-Bradley (1953) was lost, 
although Ikcya and Compton (1983) later suggested 
that this might not be correct. Puri and Hidings 
(1976) illustrated a topotype from Bradys original 
Inland Sea, Japan Challenger Expedition collection. 
This was the first good SEM illustration of ‘shell’ 
material attributed to Trachyleberis scabrocuneata 
(Brady 1880). Warne and Whatley (1996) designated 
this topotype as a neotype, as up until this point there 
was no good SEM illustrations of Harding and Syl¬ 
vester-Bradley’s lectotype, there was significant con¬ 
fusion concerning the identity of this species, and 
they were under the mistaken belief that the lecto¬ 
type specimen had been lost (following from the 
comments of Puri and Hidings, 1976). Jellinek and 
Swanson (2003) found and re-illustrated Harding 
and Sylvester-Bradley’s (1953) lectotype specimen 
of T. scabrocuneata. Thus, the neotype designated by 
Warne and Whatley (1996) was put aside as the type 
specimen as priority lies with the rediscovered lecto¬ 
type (Article 75.8 of the International Code of Zoo¬ 
logical Nomenclature, 4* Edition, ICZN 1999). 

Jellinek and Swanson (2003), as part of their dis¬ 
cussion on the identity of T. scabrocuneata (Brady) 
and T. lytteltonensis Harding & Sylvester-Bradley, 
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state the following. ‘In accordance with the nomen¬ 
clature rules, and because there is a clear need to 
eliminate the confusion .... the present authors agree 
entirely with Puri (1953) who indicated that, disre¬ 
garding whatever Brady meant by his 1880 taxon 
Cythere scabrocuneata. only his (Brady’s) 1898 
specimens from Lyttelton Harbour can be typical for 
Trachyleberis and the type for Trachyleberis scabro- 
cuneata.' (Jellinek & Swanson 2003: 22). It is the 
view expressed here that Jellinek and Swanson 
(2003) were incorrect in their opinion concerning the 
identity of Trachyleberis scabrocuneata for the fol¬ 
lowing reasons. The issue of the identity of Trachyle¬ 
beris scabrocwieata rests purely on the type (i.e. 
lcctotype) unless a contrary case is put to the Inter¬ 
national Commission of Zoological Nomenclature - 
the one way such a case would prevail is if the Brady 
1880 name was not used in the scientific literature 
during the last fifty years (ICZN, 4 11 ' Ed., Article 
23.9.1), which is clearly not the situation (see discus¬ 
sion above). With regard to Brady’s 1898 specimens 
from Lyttelton Harbour, Harding and Sylvcster-Bra- 
dley (1953) were correct to give these a new name 
(Trachyleberis lytteltonensis ) given that these were 
clearly a different species from the surviving speci¬ 
mens used in the establishment of the species name 
Cythere scabrocwieata Brady, 1880 (including the 
lcctotype). One cannot disregard Brady’s (1880) 
name and concept (irrespective of uncertainties) if 
(I) the lcctotype exists and (2) the name sensu Brady 
(1880) has been used in the scientific literature dur¬ 
ing the last 50 years. Further, ICZN Article 49 con¬ 
cerning misidentified species appears to apply to 
Jellinek and Swanson’s (2003) opinion concerning 
Brady's 1898 specimens from Lyttelton Harbour. 
This article indicates that a previously established 
species name wrongly applied to a different species 
because of misidentification cannot be used as an 
available name for that (misidentified) taxon (ICZN, 
4 ,h Ed., 1999, p. 51). This ICZN article was not re¬ 
ferred to by Jellinek and Swanson (2003) even 
though these authors recognised that the lectotype 
specimen of T. scabrocwieata (Brady, 1880) from 
the Inland Sea, Japan was of a different species to 
Brady’s (1898) originally so named specimens from 
Lyttelton Harbour, New Zealand. 


CONCLUSIONS 

The identity of the ostracod species Trachyleberis 
scabrocwieata (Brady, 1880) should be based on the 


lectotype specimen forthisspecies(B.M. 1952.12.10.1 
and 2) designated by Harding and Sylvester-Bradley 
(1953). The left and right valves of the lectotype 
specimen arc well illustrated by Jellinek and Swan¬ 
son (2003: pi. 5, figs 3a-d). The identity of the ostra¬ 
cod species Trachyleberis lytteltonensis Harding & 
Sylvester-Bradley, 1953 should be based on the hol- 
otype specimen (B.M. 1952.12.9.1) designated for 
this species (Harding & Sylvester-Bradley 1953: 
pi. 1, figs 1, 2: pi. 2, figs, 1, 2). The types of both 
these species are housed in the Natural History Mu¬ 
seum, London. 
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GOLDEN SPIKES AND BLACK FLAGS - MACRO-INVERTEBRATE 
FAUNAL ZONES FOR THE PERMIAN OF EAST AUSTRALIA 
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25 Avon Street. Oantaru, New Zealand. 

Waterhouse. J.B.. 2008. Golden Spikes and Black Flags - macro-invertebrate faunal zones for 
the Permian of cast Australia. Proceedings of the Royal Society of Victoria 120(1): 345-372. 
ISSN 0035-9211. 

The international practice of subdividing faunas into biozoncs to construct an international chrono- 
stratigraphic scale for the Permian Period relies on successive FAD (First appearance datum) for cono- 
donts at designated stratotypes. The biozone is deemed to extend from the FAD of its key species, at a 
figurative ‘golden spike', to the FAD of the next key species. This productive procedure cannot be fully 
applied to the Permian of east Australia, or many other regions of the world, where local zones must be 
adapted to the kind of fossils available, and must be applied to sequences with substantial unconformities, 
or non-marine rocks. It is desirable to indicate a topmost level (LAD - Last appearance datum) at a figura¬ 
tive ‘Black Flag' if there are ensuing unconformities or non-marine deposition, because a marine biozone 
should not be extended far beyond the natural range of its constituent species into rocks that are contem¬ 
poraneous with younger zone in marine rocks elsewhere. These principles are illustrated by a newly mod¬ 
ified biozonation biostratozones for the Permian marine faunas of east Australia, building on recent 
tabulation by Archbold (eg. 2000). Thirteen biozones are recognised, based on multiple first appearance 
data (MFAD) for any one of a number of associated benthic species, rather than single species. Links are 
outlined for faunal successions in Western Australia, Gondwana, New' Zealand, and international strato¬ 
types. A new brachiopod genus Neilotrcta, type species Trigonotreta occidenlalis Thomas, 1971 (Family 
Trigonotrctidae). is proposed. 

Key words: Permian, Australia, macro-fossils, biozones, new brachiopod genus. 


IN A NUMBER of studies on Permian macro-fau¬ 
nas, particularly in comparison with the zonal 
scheme established by Archbold (1993) for Western 
Australia, Archbold (2000, 2002) has tabulated and 
discussed zonal schemes for east Australia. His as¬ 
sessments for east Australia were taken chiefly from 
a study by Briggs (1998), which built in turn on work 
by many palaeontologists. It is now possible to revise 
some of the previous conclusions, and offer a refined 
classification. The purpose of the present study is to 
summarise knowledge of Permian macro-inverte¬ 
brate faunal zones for east Australia, and to discuss 
problems that arise in regional zonation. 

WHAT KIND OF BIOZONE? 

The kind of biozone that has been applied in Permian 
studies by Waterhouse (1977, 1979. 1987b) has been 
Assemblage and Range Zones, as clarified anti defined 
in Waterhouse (1973.1976). Such zones incorporate as 
many possible different fossil communities that are 
linked by shared common species to indicate contem¬ 
poraneity. That approach, together with range zones, 
acme and other kinds of zones, reinforced by additional 
techniques, as well reviewed by McGowran (1986), 


has been set aside in the process of erecting interna¬ 
tional stages, in favour of a modification close to what 
I ledberg (1976: 50) called Interval Zones. The modifi¬ 
cation is based on the methodology urged by McLaren 
(1970) which centred exclusively on the recognition of 
first entry of a key species - the FAD or First Appear¬ 
ance Datum, metaphorically signalled by ‘a Golden 
Spike’. The zone named after the key species persisted 
up the stratigraphic column to the FAD of the succeed¬ 
ing key species. This concept substantially altered the 
approach to zonation. Most importantly, it incorpo¬ 
rated rock that could be barren of fossils, allowing the 
zone to be regarded as chronostratigraphic, and the 
units may be called biostratozones. Previously it was 
deemed necessary to exclude barren rock, because it 
was understood that only fossil presences could indi¬ 
cate zonal presence (Hedbcrg 1976: fig. 4). and that is 
presumably why Archbold (eg. 1993, 2000) tabulated 
zones separated by non-zone intervals: a correct proce¬ 
dure, but not in accord with the McLaren approach. 
The ‘Golden Spike’ methodology means that zones be¬ 
come, to some extent, part of the stage hierarchy, as 
substages, which incorporate rocks and fossils (Water- 
house 1976: 7). The second substantial change intro¬ 
duced by the Golden Spike was that the range of a 
species was now not important, only its first entry. A 
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Time 

I 



Fig. I. Diagram illustrating incomings of zonal species at different levels along the strike of a rock unit. Rather than se¬ 
lect one key species as marking FAD, it may be preferable in parts of the world to designate the first appearance of one of 
several critical species, a, b, c in Species Range Zone B, as marking Mutiple First Appearance Data (MFAD) for a zone. 


species could range through only part of a zone, or 
through several zones. If it was a key species, its sig¬ 
nificance was restricted to that part of the column in 
which it first appears, preceeding the entry of a subse¬ 
quent key species. This approach has proved particu¬ 
larly valuable, for example, in palynomorph studies 
(Price 1997), in which designated key species range 
for very lengthy parts of the stratigraphic column, so 
that a palynomorph zone is based on the presence of a 
key species plus absence of the following key species. 
A species has key status not for its full time range, but 
only for that interval prior to the appearance of the fol¬ 
lowing key species. 

Mutiple First Appearance Data 

The scheme does not work entirely well for Permian 
invertebrate macro-faunas, probably because shell-fish 
are not as overwhelmingly numerous as conodonts or 
palynomorphs, and not as widely distributed after 
death. They are sensitive to environmental parameters, 
to the extent that some zonal schemes have been pro¬ 
posed, even for Permian, which seem to be designating 
no more than fossil communities (Waterhouse 1973). 
Moreover it can be demonstrated that FAD for any one 
of several potential key species is not time concordant 
along outcrops, when related to bedding features, or to 
FAD of other species (Fig. 1). This has been tested 
along strike of the Permian Oxtrack Formation of 


southeast Bowen Basin, where different species, in¬ 
volving Paucispinauria paucispinosa Waterhouse, 
Echinalosia maxwelli (Waterhouse), Aperispirifer ora¬ 
lis Waterhouse and Striochondria auriocosta (Water- 
house), enter at various intervals, and the order of 
appearance changes within 100 m along the base of the 
formation. The same approach reveals similar incon¬ 
stancy amongst F.arly Triassic ammonoids in the Hima¬ 
laya (Waterhouse 2002b). I lore outcrops are excellent, 
and the units only 1-3 m thick, and ammonoids very 
abundant, with generally 10-25 species restricted to a 
unit. The order of appearance varies along strike, for 
20 km. FAD for any one species is not so much im¬ 
practical - an arbitrary selection could be made - as 
misleading. If the FAD is inconstant, and ifone species 
is selected that appears along parts of the section above 
first appearances of other species with which it nor¬ 
mally associated, it is likely that time implications are 
distorted. Worse, any one of several commonly associ¬ 
ated species may be missing from some sections and 
outcrops, indicating, under FAD principles, an uneven 
extension of the underlying zone, leading to a wavering 
time boundary that was in fact not wavering. Therefore 
a new treatment for zones is proposed: that of defining 
a zone by the first entry of any one of several critical 
species by Mutiple First Appearances (MFAD). For the 
Oxtrack Formation, the first appearance of any one of 
those aforementioned species is taken as indicating the 
start of the zone. In zoning the Early Triassic and Early 
Middle Triassic of the Himalaya, Waterhouse (2002b) 
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Table I. Summary of the faunal succession through the Late Permian and Early to Middle Triassic of New Zealand. The 
Permian zones are numbered 1-5. and the Triassic zones 1-4, in correct order of age. Some Triassic ammonoids as listed 
are too few to constitute a zone, but they fit well within the Himalayan stages of Waterhouse (2002b). Misunderstandings 
of the faunal sequence in Cooper (2005) have extended the Late Permian Wairakietla rostivta Zone (Makarewan Substage) 
through Early Triassic ammonoid faunas as far as the late Anisian local Nelsonian Stage and Durvilleoceras woodmani 
Zone. The planting of a ‘Black Flag" above the IV. mstrata Zone would have prevented misinterpretation, and indicated that 
a gap with no formal zones existed above the Permian. 


International & Himalayan 

New Zealand 

Period 

Stage 

No. of zones 

Key fossil incomings, local stage (rom) & zones 

TRIASSIC 

(Middle) 

Illyrian 

Pelsonian 

Bithynian 

Aegean 

Manasluan 

Mesokantoan 

Gangapurnan 

Annapurnan 

Gangctian 

3 

1 

3 

3 

2 

4 

2 

4 

2 

4. Beaumontites bartrumi 

3. Mellarium mutchi “Etalian” 

2. Durvilleoceras woodmani “Nelsonian” 

(gap) 

Ussurites artfiaberi = 

1. “Owenites koeneni” “Malakovian” 
Stenopopanoceras mirabilis 
(gap) 

Pseudoflemingites 

Flemingites 

Paranorites 

(gap) 

(Early) 



Changhsingian 

5-8 

5. Wairakietla mstrata 

Z 




4. Marginalosia planata 

< 

<D 



3. Spinomartinia spinosa 

*> 

a 



2. Paucispinauria verecunda 

w 

Cu 




1 . Martiniopsis woodi 



Wuchiapingian 


(Lepidolina, Wentzelella) 


recorded the first appearance of a key and eponymous 
species at the type section for each zone, but also re¬ 
corded associated species and species from overlying 
beds, that were also diagnostic of the zone. Along 
strike, it could be shown that the order of appearance 
of species varied, and this was not taken as critical: the 
zone was defined on the concurrent and slightly dis¬ 
cordant range zones of a number of species. This pro¬ 
cedure strengthens the chronostratigraphic aspect of 
biozonation, by incorporating aspects of palaeoecol- 
ogy as well as rock into the zone. 

Gaps in the marine record 

There is a further complication. Current practice for 
conodont zonation treats the top of the zone as de¬ 
fined not by the species within the zone, but by the 


FAD of a designated younger species. That practice 
is vital for constructing a world chronostratigraphic 
scale, and practitioners are able to search world-wide 
for the most satisfactory sequences: the break¬ 
through for Permian chronostratigraphy came with 
the dividing of world Permian stages between Rus¬ 
sia, United States and China, so as to incorporate the 
best of sequences, a step first proposed by Water- 
house (1983a), and ratified by Jin (1996) and Jin et 
al. (1997). But 'golden spikes’ may have absurd con¬ 
sequences where there arc geographically restricted 
areas on which to base a zonation and chronostratig¬ 
raphy. For instance, in applying the FAD principles 
to a local scheme for zonation and stages in New 
Zealand, Crampton (1996) applied the Makarewan 
Stage to a Waimkielta mstrata Zone of Late Permian 
age, and extended the zone through Triassic rocks up 
to the FAD of supposedly mid-Early Triassic (in fact 
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Local Marine Zone 



Species 

Cl 


Species B3 


Coal Measures 


Barren Sandstone 



Species A2 


Species A1 


Fig. 2. Illustration of a sequence, much as found in the Permian of eastern Australia, where the sequence of marine in¬ 
vertebrate faunal zones is disrupted by the occurrence of non-marine beds. The international chronostratigraphic sequence 
of faunal zones is constructed from world-wide sequences of FAD of key species, and each zone is extended stratigraphi- 
cally upwards to the next FAD. In regions of limited extent, there may be gaps in the marine sequence. Rather than extend a 
zone upwards to the next FAD of a marine zone and so include non-marine beds equivalent to one or more international ma¬ 
rine zones, it seems preferable to insert a ‘Black Flag' to signal a gap. 

Middle Triassic) ammonoids of a ‘Malakovian using a wrongly dated ‘Nelsonian Stage’ for the sup- 
Stage’, incorporating completely different faunas. In posedly Early Triassic ammonoids, but the key spe- 
Cooper (2005) attempts were made to fill the gap by cies was nominated as the Middle Triassic ammonoid 
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Dwvilleoceras woodmani Waterhouse, which is 
younger than Malakovian Stage (Waterhouse 1997, 
2002a: 134, 155), leaving the genuinely Early Trias- 
sic ammonoids in a Late Permian Makarewan Stage 
that incorporates Late Permian, Early Triassic and 
Middle Triassic rocks and faunas (Table 1). This is 
not chronostratigraphy as it should be practised. 

It is evident that procedures available for world¬ 
wide application may be inapplicable to a small country 
such as New Zealand, and it may be also unsatisfactory 
for a continent such as Australia. For period-long accu¬ 
mulation and preservation and exposure of fossil-bear¬ 
ing marine rocks, very favourable conditions arc 
required - apart from their discovery and study by sci¬ 
entists. For the marine fossil record of the Permian in 
east Australia, conditions were from time to time, unfa¬ 
vourable. Emergence, or deposition of non-marine sedi¬ 
ment, including coal, recurred, and this is demonstrated 
by the presence of several marine fossil intervals in 
Western Australia and in New Zealand that are missing 
from cast Australia (Fig. 2). To follow the practice in 
Crampton (1996) and Cooper (2005) of extending a 
zone upwards to the next satisfactory FAD, regardless 
of age and nature of the rocks and floras or faunas, 
distorts chronostratigraphy. We need, in addition to 
McLarcn’s ‘golden spike’, a ‘Black Flag’, to cap and in¬ 
dicate the end of a zone, and the beginning of an inter¬ 
val that is ‘azonal’, until the next FAD. Conceptual 
‘Black Flags' should not be applied merely to short¬ 
lived episodes, but to those parts of the stratigraphic 
column where non-marine beds, Substantial uncon¬ 
formity, or correlation data show that zones found else¬ 
where are missing. 

For the Upper Palaeozoic of cast Australia, there 
are three ‘Black Flag' levels. One comes above the 
Auriculispina levis Zone of the Carboniferous: there 
is an interval unconstrained by marine fossils so far 
described before the start of definite Permian. A sec¬ 
ond lies between the Ingelarella plica and Glendella 
dickinsi Zones as here defined, during mostly upper 
Artinskian time, when marine faunal zones in West¬ 
ern Australia and New Zealand cannot be traced into 
east Australia, and so point to emergence and non- 
marine conditions (Table 2). The third ‘Black Flag’ 
lies at the top of the Guadalupian Pseudostrophalo- 
sia clarkei Zone and base of the Lopingian Scries, 
when non-marine conditions again prevailed. Only 
in the Gympic area did marine faunas continue into 
the Late Permian. 


Type sections for zones 

The current program of erecting chronostratotypes 
for the world Permian conodont zones shows that 
there is great value in designating a sequence and 
section which can be tested by various workers, and 
which is available for application of new techniques, 
and revision of previous observations (Hcdberg 
1976: 62, 63). The present study proposes type sec¬ 
tions, seeking where possible sections which expose 
older and younger fossiliferous rocks, and which 
have been measured with the fossils described. Mere 
fossil lists arc of limited value and are discounted, 
because they cannot be verified without proper sys¬ 
tematic description. Several zones remain that can¬ 
not be adequately delineated, and these arc noted as 
requiring more study, particularly for regions outside 
the Bowen Basin. Even classic areas of the Sydney 
Basin are remiss in the absence of published and rea¬ 
sonably comprehensive systematic studies, combined 
with measured stratigraphic control. 

Extent of zones 

Biozones are not world-wide: hence the world stand¬ 
ard conodont scheme cannot be applied in Australia. 
Even within east Australia, the abundance and pres¬ 
ence/absence of species and genera change, especially 
from north to south presumably under the influence of 
climate, raising the desirability for having different 
but contemporaneous zones. Given the constraints of 
space for this article, these are no more than indicated. 
The literature and generic positions relevant to the 
present summary are provided especially by Briggs 
(1998) and Waterhouse (1987b, 2001, 2002a, 2004). 
In addition, the outcomes of current studies by the au¬ 
thor on Permian fossil sequences at Homevale, north 
Bowen Basin, and Gympie, Queensland, are antici¬ 
pated. Fossil localities are described in detail by Briggs 
(1998), and refer to collections kept mostly at the 
Queensland Museum (prefix UQL, GSQ) in Brisbane, 
University of New England (prefix UNE) at Arntidale 
and Geoscience Australia, Canberra (prefix CPC). A 
number of the critical fossil species are illustrated in 
Figures 3, 6, 7 and 8. 

The nature of subzones 

A number of biozones in east Australia incorporate 
bands of rock that are dominated by a short-lived 
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Table 2. Permian macro-invertebrate biozones in east Australia. Bold font indicates recognised zones, regular font indi¬ 
cates zones found in nearby New Zealand, but absent from east Australia, pointing to non-marine conditions or unconform¬ 
ity, to be signalled with a Black Flag. Several subzones are based on critical short lived and abundant species, of only local 
significance. The Plekonella multicostata Zone in east Australia is represented in New Zealand by two separate zones based 
on Plekonella multicostata and Maitaia trechntamii, and by Spinomartinia spinosa and Tmbeculatia trabeculum: these 
faunas arc mixed in east Australia. 


Series 

Stage 

East Australasian Biozone 

Subzonc 

Lopingian 

Changhsingian 

(IVairakiella rostrata) 
(Marginalosia plait ala) 
Spinomartinia spinosa * 
Plekonella multicostata * 
(Mytilidesmaiella sivelli) 
(Martiniopsis woodi) 



Wuchiapingian 

_ 9 ?_ 

r 

Guadalupian 

Capitanian 

Pseudostrophalosia clarkei 

Marginalosia minuta 
Johndearia peiicanensis 

P. clarkei 


Word i an 

Ecltinalosia ovalis 

Acanthalosia blakei 


Roadian 

P. blakei 

Etheripecten plicata 



E. maxwelli 



Kungurian 

Ecltinalosia (Ust inia 

Letliamia ligguritus 



Wyndhamia typica 




Glendella dickinsi 




Attemiatella beds 


C i sural i an 

Artinskian 

(Ecltinalosia conata) 

(Spinomartinia adentata) 

r 



Ingelarella plica 

Notostropbia Itomeri 

N. zealandicus 



Taeniothaerus subquadratus 



Sakmarian 

Paucispinauria geniculata 

Svalbardia n. sp. 



Terrakea pollex 

Acanthalosia domina 
Azygidittm mitis 

Echinalosia ettrtosa 



Bandoproductus macrospina 



Asselian 

Strophalosia subcircularis 

Unicostatina crassa 



S. concentrica 



species, ranging for only part of the full zone. These 
where known are signalled herein as informal sub¬ 
zones, but they arc regarded as having intra-zonal 
significance. At least some are known to be restricted 
to one basin, or even part of a basin. A column is pro¬ 
vided for these subzones in Table 2, and it will be 


noted that the part of the zone that lacks any particu¬ 
lar short-lived and dominant species is not named as 
a subzone. Systematic descriptions and revisions of 
faunas from the Sydney Basin, Tasmania, Gympie 
and southwest Bowen Basin should clarify the distri¬ 
bution of subzones in eastern Australia. 
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EAST AUSTRALIAN MACRO-INVERTEBRATE 
FAUNAL ZONES (TABLES 2, 3, 4) 

Earliest Permian or Late Carboniferous, below 
oldest Permian zone 

The Upper Carboniferous Levipustula levis Zone 
(Fig. 3A) is a well established zone found widely 
through New South Wales and Queensland, and is re¬ 
garded as being of Namurian (Bashkirian, early Mo- 
scovian) age (Roberts 1985). Overlying rocks and 
faunas beneath successions of definite Permian age 
in east Australia are poorly understood in terms of 
age and marine faunas. In the Yarrol Basin, Au- 
riculispina levis (Maxwell) - see Fig. 3A - may 
characterise a later Carboniferous zone, just below 
Eurydesma burnettensis Waterhouse, deemed to be 
early Permian. In agreeing with this interpretation, 
Briggs (1998: 23) further argued that the oldest ma¬ 
rine Permian should be recognised as a Lyonia (now 
Nambuccaliitus) bourkei Zone in the River Styx area 
of the southern New England orogen. This may be 
correct, but the fauna lies with no known strati¬ 
graphic relationship to other faunas, and being based 
on just three described species, is better treated as a 
fauna, pending further evidence of age and relation¬ 
ships. One area that has attracted considerable inter¬ 
est is Cranky Corner, New South Wales, where 
several authors have reported what they regarded as 
very Early Permian fossils in the Seaham Formation, 
involving Eurydesma and so-called ‘ Trigonotreta 
campbelli' (see Briggs 1998: fig. 14). Such views are 
out of phase with the studies on Cranky Corner core 
that assigned the upper Seaham Formation and over¬ 
lying Taniby Creek Formation to Westphalian (Late 
Carboniferous), on the basis of palynomorph and ra¬ 
diometric evidence (Balmc & Foster 2003: fig. 9; 
Claoue-Long & Korsch 2003). The supposedly criti¬ 
cal ‘ Trigonotreta ’ has never been figured, but has 
been appraised by Roberts et al. (1976) as different 
from campbelli , which belongs to a Carboniferous 
genus Costuloplica (Waterhouse 2004: 188). In Tas¬ 
mania, where the most closely studied brachiopod 
faunas of definite Early Permian age are to be found, 
Eurydesma and Deltopecten are found in underlying 
Wynyard Tillite, but these bivalves are not easy to 
date precisely. The time for first appearance of 
Eurydesma is still not established. 


Strophalosia concentrica Zone 

The Strophalosia concentrica Zone is best known in 
Tasmania, thanks to faunal studies by Clarke (1992). 

Type section. Clarke & Farmer (1976: 95) cited the 
Andersons Creek and West Arm section through the 
Massey Creek Group as significant for their Tamar- 
ian Stage, but noted it would be desirable to select 
individual stratotypes for the faunizoncs. The impor¬ 
tance of this area was reinforced by Clarke (1992: 

11). The zone is developed above thick glacial de¬ 
posits devoid of marine macro-fossils, but contain¬ 
ing palynoniorphs of the Protohaplypinus and 
Microbaculispora tentula Zones. 

Typical species. Incoming species, with those sug¬ 
gested as being of prime importance to indicate MFAD 
in bold font, include Strophalosia concentrica Clarke, 
Arctitreta costcllata (Clarke). Trigonotreta stokesii 
Koenig, Ambikelld elongata (McClung & Armstrong), 
Etlieripecten tenuicollis (Dana), Eurydesma burnet¬ 
tensis Waterhouse, E. konincki (Johnston), Cleobis 
gryphoides (Koninck), Pyramus laevis (Sowcrby), Pa- 
chymyonia morrisii Dun, Schizodus australis Runne- 
gar, and Keeneia twelvetreesi Dun. 

Distribution. Allied faunas are found in the lower 
Wasp I lead Formation of the south Sydney Basin, 
and in the Beckers Formation of the Cranky Corner 
outlier in northern New South Wales (Archbold 
2003), where Ambikella elongata is accompanied by 
Neilotreta tangorini (Archbold). Briggs (1998) as¬ 
serted that the concentrica Zone was to be matched 
with the Eurydesma burnettensis fauna (Waterhouse 
1987b) in tiic Yarrol Basin (Maxwell 1964), and 
pointed to unfigured burnettensis specimens from 
the basal Lochinvar Formation of the Lochinvar An¬ 
ticline, Hunter Valley, and in the Cranky Corner Sea¬ 
ham Formation, the latter particularly questionable. 

Strophalosia subcircularis Zone (Fig. 3B, C) 

I'he Strophalosia subcircularis Zone is best devel¬ 
oped in Tasmania, based on the studies by Clarke 
(1992). 

Type section. Clarke (1992: 11) favoured outcrops of 
the Swifts Jetty Sandstone in the Andersons Bay and 
Massey Creek sections, which overlies beds with the 
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Table 3. The occurrences of Early Permian (Cisuralian) biozones in Queensland New South Wales and New Zealand. 
Subzones so far recognised are shown in brackets, and these appear to be of limited distribution. 


Series 

Stage 

Zone 

Queensland 

Zone, Subzone 

New South Wales 

Zone, Subzone 

New Zealand 

Zone, Subzone 

Cisuralian 

Artinskian 




Echinalosia conata 




Spinomartinia adentata 

Ingelarella 

plica 

/. plica 


<3 

^ (Notostrophia homeri) 

^ (TV. zealandicus) 

Sakmarian 

Taeniothaerus 

subquadratus 

T. subquadratus 

T. farleyensis 

T. subquadratus 

Paucispinauria 

geniculata 

(Svalbardia n.sp.) 

P. geniculata 

Svalbardia n.sp. & 

P. geniculata 

P. geniculata 

Terrakea 

pollex 

.8 (Acanthalosia domina) 
"g (Azygidium mitis) 

SC (Echinalosia curtosa) 

E. curtosa 


Asselian 

Bandoproductus 

macrospina 

B. macrospina 

B. macrospina 


Strophalosia 

subcircularis 


S. subcircularis 


Strophalosia 

concenlrica 

Eurydesma 

burnettensis 

S. concenlrica 



Strophalosia concenlrica Zone. A section needs to 
be confirmed with detailed data. 

Typical species. The zone is characterised principally 
by Strophalosia subcircularis Clarke, which enters 
before the demise of.S', concenlrica. It has been argued 
that Monklandial konincki (Etheridge) is also charac¬ 
teristic (eg. Runncgar & McClung 1975, Archbold 
2003), bul Briggs (1998: 31) maintained that konincki 
overlapped with elongata. An overlying assemblage in 
the same formation that was recognised as a separate 
zone by Clarke (1992) includes Unicostatina crassa 
(Clarke), U. subglobosa (Clarke). TabeUina superba 


(Clarke) and Ambiketla ef. bmnxtonensis (Etheridge), 
with Eurydesma cordatum Morris. A number of spe¬ 
cies persist from the underlying concenlrica Zone, and 
because there is no distinctive productid species, the 
assemblage may not qualify as a full zone, and as a 
subzone, may be restricted to Tasmania. 

Distribution. Strophalosia subcircularis is found in 
the upper Wasp Head Formation of the south Sydney 
Basin, above concenlrica, with a modest brachiopod 
fauna yet to be fully described. In the Hunter Valley, 
the Allandalc Formation has yielded many bivalves 
and Monklandial konincki. Briggs (1998: fig. 14) 


Fig. 3 (at left). Key species from latest Carboniferous and Early Permian biozones of eastern Australia. Specimens x 

2 except fig. IB, C, x 1. A. Auriculisptna levis (Maxwell) from Rands Formation, Yarrol Basin. B, C, Neospirifer chtbia 
(Etheridge), external and internal moulds of ventral valves from Rammutt Formation, Gympie, southeast Queensland, pos¬ 
sibly correlative with the Strophalosia subcircularis Zone. D, Bamloproductus macrospina Waterhouse from Burnett 
Formation, Queensland. E, Terrakcu pollex Hill from Fairyland Formation, Queensland. F, G, Echinalosia curtosa 
Waterhouse, ventral internal mould and latex exterior, from lower Dresden Formation, Queensland. H, Azygidium mitis 
(Hill) from Dresden Formation, Queensland. I, J, Acanthalosia domiita Waterhouse, dorsal external mould showing dense 
spines, and dorsal view of decorticated shell, from Dresden Formation, Queensland. K. Svalbardia n. sp. ( - tivertonensis 
not Maxwell), latex cast of dorsal internal mould from Tiverton Formation, Queensland. L, Costatumulus farleyensis 
(Etheridge & Dun), latex cast of ventral external mould Elvinia Formation, Queensland. 
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treated the Cranky Corner Formation at Cranky Cor¬ 
ner, northern New South Wales, as equivalent to the 
Allandale Formation, and the brachiopods described 
by Archbold (2003) include Unicostatina crassa 
(Clarke), and share Amhikella elongata and Neilotreta 
langorini with the underlying Beckers Formation, 
whereas in Tasmania, U. emssa follows and does not 
overlap elongata. S. subcireularis is reported from 
the Kensington Formation near the Peel Fault in 
northern New South Wales, and below the top of the 
faulted Alum Rocks beds in the Texas Block. A sig¬ 
nificant fauna is found in the ‘green fossiliferous 
sandstone’ of the Rammutt Formation which under¬ 
lies the South Curra Limestone at Gyntpie, southeast 
Queensland (Waterhouse & Balfe 1987), but is of un¬ 
certain stratigraphic position. The fauna includes Al¬ 
landale species of Mcgadesmus and Pyramus , together 
with Spiriferida Monklandia gympiensis Waterhouse 
(=IngelareUa strzeleckii McClung not Koninck) and 
two brachiopod species that appear to confirm corre¬ 
lation with the subcireularis Zone, Permasyrinx acuta 
(Etheridge), a likely senior synonym of P. alland- 
alensis (Armstrong), described from the Allandale 
Formation and reported from the Swifts Jetty Sand¬ 
stone, Masseys Creek Group, Kansas Creek Group 
and Darlington Limestone of Tasmania by Clarke 
(1992: 25), and Neospirifer dubia (Etheridge), like a 
species found in the Lochinvar Formation of Hunter 
Valley (Fig. 3B, C). 

Subzones. Clarke (1992) referred the Tasmanian fau¬ 
nas to two separate zones. His uppermost zone is 
here tentatively treated as a subzone, partly because 
of the lack of distinctive Productida, and also be¬ 
cause it cannot be securely recognised beyond Tas¬ 
mania. According to Archbold (2003), a key species 
of this subzone (Unicostatina crassa) is found with 
key species elongata of the concentrica Zone in the 
Cranky Comer sequence. 

Bandoproductus macrospina Zone (Fig. 3D) 

The Bandoproductus macrospina Zone is an impor¬ 
tant zone in view of its implications for Asian corre¬ 
lation, but is not well known in east Australia at 
present. Very few species have been described, and 
best prospects for establishing the faunal content lie 
possibly in collections from the lower Rutherford 
Formation, Hunter Valley, or from the ‘Monkland 
Shale’ below the South Curra Limestone at Gympie. 


Type section. No section is nominated, pending fur¬ 
ther work on the nature of fauna and outcrops for the 
Rutherford Formation, or beds at Gympie. 

Typical species. Bandoproductus macrospina Wa¬ 
terhouse was described from the lower Burnett For¬ 
mation of the Yarrol Basin, below the Yarrol 
Formation, and above Euiydesma burnettensis. Some 
bivalves have also been described from this level 
(Maxwell 1964), but none seem to be diagnostic. The 
species macrospina is deemed to be senior synonym 
of B. walkomi Briggs, from the basal Rutherford For¬ 
mation of the Hunter Valley, New South Wales, 
where it is found with Protounidanthus pokolbinen- 
sis Briggs. Apart from an unsubstantiated report of 
the genus in the Silver Spur outlier of Goondiwindi, 
south Queensland (Briggs 1998), Bandoproductus is 
found in the upper Rammutt Formation at Gympie, 
southeast Queensland, with Costatumidus (Etheridge 
1872: pi. 15, fig. 3), stenoscismatid, Attenuatellal, 
martiniid and Gilledia , indicating a distinctive faunal 
assemblage, to judge from preliminary assessment 
by the writer. However the stratigraphic position is 
not clear, and the fauna may have come from below 
the ‘green fossiliferous sandstone’. 

Distribution. The zone is limited to Queensland and 
north Sydney Basin, and is not known in Tasmania or 
New Zealand. But Bandoproductus has been widely 
reported from apparently correlative beds in Thai¬ 
land, India, Tibet, Pakistan and Afghanistan (Water- 
house 2002a: 189). 

Terrakea pollex Zone (Fig. 3E-.I. 4) 

The Terrakea pollex Zone incorporates a large and 
diverse assemblage of species, best developed in the 
southeast Bowen Basin, Queensland. 

Type section. The east face of the Pindari hills south 
of Cracow is proposed as the type section, through 
the Fairyland Formation and Dresden Formation 
(Waterhouse 1987b), as shown in Fig. 4, and speci¬ 
fied in the discussion of subzones. The macro-inver¬ 
tebrate faunas have been Tully described, with 
detailed information on the relationship to faunas of 
the overlying Paucispinauria geniculata Zone. The 
relationship with the underlying Bandoproductus 
macrospina Zone is provided by the Farley and Ru¬ 
therford Formations of the Sydney Basin (see Briggs 
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Fig. 4. Permian formations in the Pindari Hills near Cracow homestead, Cracow, in the southeast Bowen Basin. Four- 
figure numbers indicate UQL fossil localities. 


1998: fig, 19), and Yarrol and Burnett Formations of 
tlicYarrol Basin (Maxwell 1964). 

Typical species. Incoming species in the basal Fairy¬ 
land Formation include Terrakea pollex Hill, Protoa- 
mdanthus compactus Waterhouse, Lipanleris 
cracowensis (Hill), Ecliinalosia curtosa Waterhouse, 
Ambikella regina (Waterhouse), Grantonia hobarten- 
sis Brown, Tabelliiw denmeadi (Campbell), Marinur- 


nula prime Waterhouse, Slreblopteria biornala 
Waterhouse and gastropods Coilabrina parva (Wass) 
and SpiracuUnella radiata Waterhouse, with many 
other species (Waterhouse 1987b: table 6). A number 
of these species persist into the Dresden Limestone, to 
be joined by Azygidium mitis (Hill), Ecliinalosia de¬ 
jecta Waterhouse, Notostrophia bifurcata Waterhouse, 
Plekonina spissatella Waterhouse, Ambikella postgla¬ 
bra (Waterhouse), and several of these persist into the 
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topmost Dresden beds, to be joined by Acanthalosia 
domina Waterhouse, a very' abundant strophalosiid, 
with the large bivalve Sgitamuliferipecten laiispalia 
Waterhouse. This makes a succession of diverse faunal 
assemblages, with stratigraphic and biostratigraphic 
detail provided in Waterhouse (1987b). 

Distribution. The zone has been collected elsewhere 
in the southeast Bowen Basin at Mt Breast, and also is 
possibly represented near Biloela (Parfrey 1986) in 
beds associated with the Camboon Andesite. Several 
of the above-listed species are also found in the basal 
Tiverton Formation at Homcvale, northern Bowen 
Basin (UQL4506-4508). Species include Termkea 
pollex?, Capillaria wanvicki (Maxwell), Acanthalosia 
domina. Ambikella regina, A. postglabm, Eurydesma 
n. sp. and other species. These indicate a generalised 
correlation, not fully in the order of incomings found 
in the southeast Bowen Basin. Briggs (1998) consid¬ 
ered that the faunas were to be found in the middle 
Tiverton Formation, but this has had to be set aside: 
his correlations and identifications were not correct. 
Similar species including C. wanvicki are found in the 
lower Eurydesma beds of Richards and Bryan (1924) 
in the Stanthorpe road block near Warwick, south 
Queensland. Ecliinalosia dejecta from the lower Dres¬ 
den Formation is also found in the Yarrol Formation of 
the Yarrol Basin, central Queensland. Near the base of 
the Farley Formation in the north Sydney Basin, New 
South Wales, Briggs (1998) reported Ecliinalosia cur- 
tosa (UQL 5112), above Bandoproductus, found at 
the base of the underlying Rutherford Formation 
(UQL5107-8). 

Subzones. Three subzoncs are found in the Fairyland 
and Dresden Formations, named in Waterhouse 
(1987b), and downscaled herein to subzones. They arc 
successively the Ecliinalosia curtosa Subzone in the 
Fairyland Formation at UQL4560, 4561, 4817, 4819 
(MUNDUBKRRA [amg] KS, grid ref. 266 903), the 
Azygidium mitis Subzonc at UQL4576, 4820, 4821 
(MUNDUBERRA [amg] KS, grid ref. 269 913), and 
Acanthalosia domina Subzone at UQL4822 (MUN¬ 
DUBERRA [amg] KS, grid ref. 915 269) in the Dres¬ 
den Formation. 


Paucispinauriageniculata Zone (Fig. 3K, L, 5) 

The Paucispinauria geniculata Zone is a zone rich in 
brachiopods and molluscs, and widespread through 
east Australia. 


Type section. The middle Tiverton Formation with 
fossiliferous localities UQL 4509^4515 outcropping 
at Homevale Station, central Queensland, is proposed 
as type section, immediately above faunas of the Ter- 
rakea pollex Zone and below faunas of the Taenioth- 
aertts subquadratus Zone (starting at UQL4509 
(MACKAY [amg] FS, grid ref. 584 281). 

Typical species. Incoming species include Anidanthus 
puucicostatus Waterhouse, Costatiimulus lumida 
(Waterhouse), Paucispinauria geniculata Waterhouse, 
Acanthalosia concava (Maxwell), Homevalaria ovata 
(Campbell), Ambikella profunda (Campbell) and 
Fletcheritliyris farleyensis faba Campbell, and at 
higher levels they are joined by numerous additional 
species, including Svalbardia n. sp. (= 'yarrolensis 'not 
Maxwell), Unicostatina stutchburii (Etheridge), Am¬ 
bikella symmetrica (Campbell), Papulinella hillae 
(Campbell), Gmntonia hobartensis Brown, Permasyr- 
inx elongata (Armstrong), P. tnmsversa (Armstrong), 
Pustulospiriferina etheridgei (Armstrong), a few bi¬ 
valves including Primaspina Waterhouse and gas¬ 
tropod Pleurocinctosa a/landalensis Fletcher. The 
ammonoid Gobioceras cancellation (Dear) is present 
at Homevale and in the Yarrol Basin. 

Distribution. The fauna is well represented in the El- 
vinia Formation near Cracow, with many of the same 
species, as represented in collections UQL4535 to 
UQL4559 along a section measured in Waterhouse 
(1987b: text-fig. 6, table 16), and joined by Ecliina- 
losia curvata Waterhouse. There is no clear presence 
in the Denison Trough, southwest Bowen Basin, but 
comparable faunas have been described from the 
Yarrol Formation in the Yarrol Basin by Maxwell 
(1964), and in the upper Wallaby beds of the Stan¬ 
thorpe Block near Warwick, south Queensland. 
Whether the fauna is to be found near Gympie is yet 
to be clarified. In the Sydney Basin, the zone is de¬ 
veloped in the Ravensfield Sandstone Member and 
at least part of the Farley Formation, Costatiimulus 
farleyensis (Etheridge & Dun) replacing C. lumida. 
Tasmania as well seems likely to have representa¬ 
tives perhaps in Faunizone 4 of Clarke (1992), but 
they have not been confirmed through systematic de¬ 
scription. Paucispinauria geniculata and E. curvata 
with other species are also found in New Zealand in 
the Dunton Range (Waterhouse 2002a: 189). Faunas 
of this zone are particularly close to those from south 
Asia, including the Garu Formation of the Himalaya 
(Singh & Archbold 1993) with some links to Arctic 
faunas as in the Yakovlevia transverse Zone of the 
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ing UQL fossil localities and zonal succession. 
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Jungle Creek Formation in Yukon Territory, Canada 
(Shi & Waterhouse 1996). 

Subzones. The upper faunas of the Paucispinauria 
geniculata Zone in the type section are dominated by 
Svalbanliu n. sp. and Biconvexiella convexa (Arm¬ 
strong) - in UQL4513-4515 and these species are 
also found in the middle of the Farley Formation in 
the Flunter Valley. 

Taeniolhaenis subquadratus Zone (Fig. 5, 6A) 

The Taeniolhaenis subquadratus Zone is a very 
characteristic fauna, dominated by large specimens 
of the productin Taeniolhaenis and other taenioth- 
erin and rhamnariin genera. 

Type section. The faunas and beds near Homevale 
Station through the upper middle Tiverton Forma¬ 
tion, localities UQL4516-4525, is proposed as type 
section (MAKAY [amg] FS, grid ref. 584 281). This 
zone immediately follows the uppermost Paucispin- 
auria geniculata Zone, and is overlain by the Inge- 
larella plica Zone. 

Typical species. Most characteristic species are 
Taeniothaerus subquadratus (Morris) and T. Iiome- 
valensis Briggs, Notostrophia n. sp. and Plekonella 
rura Waterhouse, with many bivalves, including 
Aphanaia tivertonensis Waterhouse, Pseudomyalina 
n. sp., Permophorus aff. gregarius Etheridge, and lo¬ 
cally, Squatnuliferipecten squamuliferus (Morris). 
Pseudostrophalosia brittoni (Maxwell) is found, but 
entered as a rare constituent in the underlying Sval- 
bardia Subzone. Many species such as Gobioceras 
cancellation persist from the underlying zone, but a 
number of species of the underlying zone disappear, 
including Svalbardia and Biconvexiella. 

Distribution. This zone coincides with what Briggs 
(1998: 37) called the lower Echinalosia preovalis 
Zone. Flis usage is abandoned, because preovalis is 
not found in the zone - and a number of his correla¬ 
tions do not withstand close examination. The zone 
is well developed in the Rose's Pride Formation north 


of Cracow, southeast Bowen Basin, and in the River¬ 
stone Sandstone Member, or lower Cattle Creek For¬ 
mation in the Denison Trough, southwest Bowen 
Basin. Briggs (1998) summarised some of the Cattle 
Creek fauna, but his text (p. 37) differs from his tab¬ 
ulated species (fig. 23). Possibly the zone is present 
in the Yarrol Basin of Queensland (Maxwell 1964), 
but the faunas require further study. There arc no 
clear occurrences in the Sydney Basin, but Taenioth¬ 
aerus farlevensis Briggs is very close to T. homeva- 
lensis Briggs, and occurs within the Farley Formation, 
Hunter Valley and in the Lakes Creek beds near 
Rockhampton, Queensland. The typical faunas are 
very well represented in the Berriedale Limestone of 
Tasmania, and are found meagrely in New Zealand. 

Ingelarella plica Zone (Fig. 5, 6B-C) 

The Ingelarella plica Zone is a distinctive zone re¬ 
stricted as far as known to the Bowen Basin and New 
Zealand. 

Type section. The upper Tiverton Formation and its 
faunas are proposed as typical: they overlie faunas of 
the Taeniolhaenis subquadratus Zone, and have been 
largely described (Waterhouse 1983b) at UQL3725 
(BOWEN Urannali 1:100 000 Topo scries. PC 8556 
grid ref. 2129 7989). This is a fauna followed by a 
‘Black Flag’ at the start of the Wall Sandstone, fol¬ 
lowed in turn by a distinctive Glendella dickinsi 
fauna. 

Typical species. The fauna from the type section con¬ 
tains Tcrrakea dickinsi Dear, Anidunthus springsu- 
rettsis (Booker). Echinalosia preovalis (Maxwell), 
Ingelarella plica Campbell, Neospirifer crassicosta- 
tus (Waterhouse), Glyptoleda javesi Waterhouse and 
other species. 

Distribution. The zone is well represented in the 
southwest Bowen Basin, especially in the upper Cat¬ 
tle Creek Formation and Sirius Shale, with Product- 
ida described in part by Hill (1950) and Briggs 
(1998), and some Spiriferida and Terebratulida by 
Campbell (1960, 1965). Lists and tabulation pro- 


Fig. 6 (at left). Critical species from Queensland, eastern Australia. A, Taeniothaerus subquadratus (Morris) from 

Tiverton Formation, ventral view, x 1. B, Tcrrakea dickinsi Dear from Cattle Creek Formation, x I. C. Ingelaivllaplica Campbell 
from same formation, x I. D, F, Glendella dickinsi Runncgar from lower Ciebbie Formation, left and right valve aspects of inter¬ 
nal mould, Glendoo Sandstone Member, x I. E, I. Wyndhamia tvpica (Booker) si., ventral and dorsal aspects of internal mould 
from Frcitag Formation, x 1. H, Ambikella undulosa (Campbell) dorsal valve from Frcitag Formation, x 1. G, J, Echinalosia dis- 
cinia Waterhouse, latex cast of ventral valve, x 1 and dorsal aspect of different latex cast x 2, from Brae Formation. 
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Table 4. Late Early Permian, Middle and Late Permian biozones in Queensland, New South Wales and New Zealand, with 
subzones in brackets, of limited distribution. 


Series 

Stage 

Zone 

Queensland 

Zone, Subzone 

New South Wales 

Zone. Subzone 

New Zealand 

Zone, Subzone 

Lopingian 


Plekonella multicostata 

Spinomartinia spinosa & 
Plekonella multicostata 


S. spinosa 

P. multicostata 

Martiniopsis woodi 
(Myt'didesmatella sivelli) 

Guadalupian 

c 

.2 

'5 

C3 

’a. 

u 

Pseudostrophalosia 

clarkei 

(Tigillumia liavilensis) 

(A rctitreta pelicanensis) 

P. clarkei acme 

T. liavilensis & P 
clarkei 

T. liavilensis & 

A. pelicanensis & 

P. clarkei 

Wordian 

Echinalosia ovalis 

E. ovalis 

(E. wassi) 

("E". runnegari) 

E. ovalis 

(Acantlialosia deari) 

(E. hanloni) 

Roadian 

Pseudostrophalosia 

blakei 

P. blakei 

“?- 

P. blakei 

Echinalosia 

maxwelli 

E. maxwelli 

E. maxwelli 

E. maxwelli 

Cisuralian 

Kungurian 

Echinalosia discinia 

E. discinia 

E. discinia 

(Lethamia ligguritus) 

E. discinia 

tVyndliamia typica 

W. typica 

IV. typica 

IV typica 

Glendella dickinsi 

G. dickinsi 






A ttenuatella incurvata 


vided for the unit (‘upper preovalis Zone’) by Briggs 
(1998: 39, cs. fig. 23) differ from each other, and the 
upper Cattle Creek faunas arc yet to be fully mono¬ 
graphed. No trace of the fauna is found in the south¬ 
east Bowen Basin. Clarke & Farmer (1976) reported 
a long range for E. preovalis in Faunizones 4-8 and 
Ambikella plana in Faunizones 5b and 7 of Tasma¬ 
nia, but published description is yet to be provided. 
The Ingelarella plica faunas have been described 
from the Brunei Formation in southern New Zealand 
(Waterhouse 2002a). 

Subzones. Two allied subzones were recognised in 
New Zealand, based on Notostrophia zealandicus 
Waterhouse, followed by N. homeri Waterhouse. So 
far no subzonation has been recognised in eastern 
Australia. 


Glendella dickinsi Zone (Fig. 6D, F) 

The Glendella dickinsi Zone is restricted to the 
Bowen Basin. It may prove to be coupled with the 
overlying zone, and is a cold-water fauna of Filippo- 
vian (Kungurian) age. 

Type section. Glendoo Sandstone Member, 2 km north 
of Exmoor Homestead, UQL4633, 4634, 4635 
(BOWEN Umiinah 1:100 000 Topo series PC 8556, 
grid ref. 168 855), as elaborated in Waterhouse and Jell 
(1983: text-fig. 2, 4). The fauna is exposed above the 
Ingelarella plica Zone and below the Pseudostropha- 
losia blakei Zone. The zone is found in beds below the 
Wyndhamia typica Zone in the west Bowen Basin. 

Typical species. Glendella dickinsi Runnegar is a 
distinctive eurydesmid. Other species include A ’ato- 
spirifer gentilis Waterhouse, Pliestia nova Waterhouse, 
Kaibabella boydi Waterhouse, Megadesmus deflatus 


































MACRO-INVERTEBRATE FAUNAL ZONES FOR THE PERMIAN OF EAST AUSTRALIA 


361 


Waterhouse, and Triredimiculum spirit Waterhouse. 
McClung (1983: 54) described the occurrence of Glen- 
della and other species in his assemblage 13 in the GSQ 
Eddystone 1 core in the Denison Trough, southwest 
Bowen Basin. Many of the species in the core are 
poorly preserved, and have not yet been described. 

Discussion. In New Zealand beds with faunas equiva¬ 
lent to the Glendella ilickinsi Zone and followed by the 
Wyndhamia typica Zone arc separated from the Inge- 
larella plica Zone by very thick rock units involving a 
number of species and placed in two zones (Water- 
house 2002a: 200), named after Spindmartinia aden- 
tata and Echinalosia conata , followed by beds with 
Allemtalella incurvata Waterhouse. No marine equiva¬ 
lent of these zones and faunas can be found in east 
Australia, but there arc some ties with the Byro Group 
faunas of Western Australia (Waterhouse 1982: 83). 

Wyndhamia typica Zone (Fig. 6E, H, I) 

The Wyndhamia typica Zone is widespread in the 
Bowen and Sydney Basins and in Tasmania. 

Type section. The Eldcrslie Formation of the Hunter 
Valley, New South Wales, is suggested as the type 
section, in the south Lochinvar Anticline, involving 
localities UQL5124, UNEL10I8, 1228, 1012 (SIN¬ 
GLETON [yd] Cessnock 1:63 360, grid ref. 4391 
9351). It underlies the Fenestclla Shale with faunas 
of the overlying Echinalosia discinia Zone. 

Typical species. Various species have been described 
in many different studies, and include Terrakea ex- 
moorensis Dear (syn. tylstonensis Briggs) and rang¬ 
ing higher, Paucispinaitria paucispinosa wardenensis 
Waterhouse, Echinalosia floodi Waterhouse which 
was previously misidentified with E. preovalis (Max¬ 
well), Wyndhamia typica (Booker), Johndearia 
brevis (McClung & Armstrong), Ambikella undu- 
losa (Campbell) (syn. cessnockensis McClung) and 
Aperispirifer archboldi Waterhouse. 

Distribution. In the Snapper Point Formation of the 
south Sydney Basin, Wyndhamia typica, Ambikella 
undulosa, Johndearia brevis and Aperispirifer arch¬ 
boldi are found (Waterhouse 2002a: 178), with an al¬ 
leged early occurrence of Notokuvelousia solita 
(Waterhouse), a species more common in the overly¬ 
ing zone (Briggs 1998). W. typica is widespread in 
the Granton Formation and Malbina A and B Forma¬ 


tion of Tasmania (Waterhouse 2001: 75). In the 
southwest Bowen Basin, W. typica, Paucispinauria 
paucispinosa wardenensis Waterhouse, A. undulosa 
and A. archboldi are found in the Frcitag Formation 
(Waterhouse 2001, 2002a: 178). The species undu¬ 
losa is found above the Glendella dickinsi fauna in 
the Eddystone core in the west Bowen Basin (Mc¬ 
Clung 1983: 55). The zone is developed in New Zea¬ 
land, with a particularly diverse fauna found at the 
top of unit I in the Letham Formation of Wairaki 
Downs, including paucispinosa wardenensis, typica, 
undulosa and archboldi. 

Discussion. Only the New Zealand faunas have been 
comprehensively described, but most species have 
been monographed from the east Australian faunas, 
except Tasmania, and simply require revision and 
stratigraphic clarification. A more significant prob¬ 
lem concerns the relationship to older faunas. In the 
south Sydney Basin, the Snapper Point Formation, 
with meagre faunas of the Wyndhamia typica Zone, 
overlies the Pebbley Beach Formation, which con¬ 
tains poorly understood faunas, most undescribed. 
Briggs (1998) has named a distinctive species as 
Echinalosia mcclungi, of uncertain generic affini¬ 
ties, and reported, without describing, Echinalosia 
preovalis (Maxwell). E. preovalis is found in some¬ 
what older faunas of the Terrakea dickinsi Zone: the 
identification may or may not be correct, and until it 
is described and compared with preovalis and floodi, 
and unless affinities and age-implications for mc¬ 
clungi can be ascertained, the age from marine fossil 
evidence is insecure. The Pebbley Beach Formation 
overlies the Yarrunga Coal Measures. 

Echinalosia discinia Zone (Fig. 6G, J, 7A, B) 

The Echinalosia discinia Zone is well developed in 
the southeast Bowen Basin and in the south Sydney 
Basin. The faunas have been fully described for the 
southeast Bowen Basin, and arc well preserved and 
extensively exposed in the south Sydney Basin. 

Type section. The lower Wandrawandian Formation 
of the south Sydney Basin in the Jervis Bay, Gerrin- 
gong area, is proposed as type section, involving 
UQL5156-5I59, 5167, 5168, 5162-5165 (ULLA- 
DULLA [amg] KF, grid ref. 1795 8025). The zone is 
exposed above the Wyndhamia typica Zone and 
below the Echinalosia maxwelli Zone in the higher 
Wandrawandian Formation. 
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Typical species. Characteristic species involve Eclii- 
nalosia iliscinia Waterhouse, which includes shells 
misidentified as E. maxwelli by Briggs (1998). Other 
species include Notokuvelousia solitu (Waterhouse), 
Paucispinauria paucispinosa Waterhouse, Magnipii- 
catina lialli Waterhouse, Aperispirifer lethamensis 
Waterhouse, Simplicisulcits concentrica Waterhouse 
and Ingelarella subplicata (Waterhouse), as recorded 
in Waterhouse (2002a: 178). 

Distribution. Several of these species are found in the 
Fcnestella Shale in the northern Sydney Basin, and 
some in the lower Belford Formation of the Lochinvar 
Anticline in Hunter Valley. The zone is very well de¬ 
veloped in the Brae Formation near Cracow, southeast 
Bowen Basin, with a large and fully described macro- 
invertebrate faunal assemblage (Waterhouse 1987b), 
including the distinctive Spinomartinia queenslandica 
Waterhouse. In New Zealand, many of the same fossil 
species are found in units 2 and 3 of the Letham For¬ 
mation, Wairaki Downs. 

Subcones. Two subzones were recognised by Water- 
house (2002a) in New Zealand, the younger charac¬ 
terised by Letlunnia ligguritus Waterhouse. On 
present evidence, the subzones cannot be recognised 
in east Australia, but Echinalosia denisoni Archbold 
provides a tie-line with the younger subzone. It oc¬ 
curs in the ligguritus Subzone of New Zealand, and 
is also found in the Bowen Basin, high in the Brae 
Formation, and in interval C of GSQ Eddystone 1 
core of the Denison Trough (McClung 1983), and 
high in the Fcnestella Shale, where it was named E. 
bookeri Briggs, now to be relegated to synonymy 
(Waterhouse (2001: 62). 


Echinalosia maxwelli Zone (Fig. 7C, D, E) 

The Echinalosia maxwelli Zone has a very character¬ 
istic and low diversity fauna typified by several key 
species, and is widespread throughout the Sydney 
and Bowen Basins and extends into Tasmania. 


Type section. For type section, the Oxtrack Forma¬ 
tion at ‘Fossil Ridge’ 3.52 km west of Cracow is 
proposed, with UQL4317, 4319 and 4530 (MUN- 
DUBERRA 1:63 360, Cracow grid ref. 319 855). It 
is well and extensively exposed above the Brae For¬ 
mation with fossils of the Echinalosia discinia Zone, 
and below Barfield Formation with the Capillpnia 
semicircularis faunal assemblage. 

Typical species. Brachiopods and molluscs have been 
described by Waterhouse (1986, 1987a, b: tables 13, 
14) and include Echinalosia maxwelli (Waterhouse), 
Paucispinauria concava (Waterhouse), Magniplica- 
tina perflecta Waterhouse, Ingelarella ingelarensis 
confusus Waterhouse, Aperispirifer oralis Water- 
house, Wairakispirifer microstriatus (Waterhouse), 
and bivalve Striochondria auriocosta (Waterhouse). 

Distribution. The zone is poorly developed in the 
Bowen Basin to the west: possibly specimens identified 
as Echinalosia hanloni by Briggs (1998: fig. 29, p. 46- 
47) from the Aldcbaran Sandstone in the southwest of 
the basin belong to E. maxwelli. In the Sydney Basin, E. 
mbusta Briggs is apparently conspecific with E. max- 
welli (Waterhouse 2001: 63; 2002a: 179) and is found 
in the middle Belford Formation, Wollong Member, 
with Paucispinauria concava. Magniplicatina per¬ 
flecta, ftigelarella ingelarensis Campbell, /. angulata 
Campbell and Aperispirifer waimkiensis Waterhouse 
transitional from A. lethamensis Waterhouse. In the 
south Sydney Basin, the upper Wandrawandian Forma¬ 
tion includes E. maxwelli ('mbusta' of Briggs 1998), P. 
concava, Aperispirifer waimkiensis. I ingelarensis, and 
/. angulata. E. maxwelli and P. concava are also found 
in the lower Malbina Formation of Tasmania, in faunas 
yet to be described. The zone is well developed in the 
Letham Burn Member of the basal Mangarewa Forma¬ 
tion at Wairaki Downs, New' Zealand and shares almost 
every species with the Oxtrack faunas, other than Aper¬ 
ispirifer waimkiensis which appears in place of A. ova- 
lis (see Waterhouse 2002a). 

Discussion. Echinalosia maxwelli and E. discinia 
were first described from Wairaki Downs, New Zea- 


Fig. 7 (at left). Significant zonal species from Permian of Queensland. A, Lethamia liillae Waterhouse, latex cast ot 

ventral exterior from Brae Formation, x 2. B, Spinomartinia queenslandica Waterhouse from Brae Formation, x I . C. 
Aperispirifer avails Waterhouse from Oxtrack Formation, x I. D. Paucispinauria concava (Waterhouse), latex cast of ven¬ 
tral valve from Oxtrack Formation, x I. E, Echinalosia maxwelli (Waterhouse), ventral valve from Oxtrack Formation, x 2. 
F, Echinalosia'! parfreyi (Waterhouse), dorsal view, from Barfield Formation, x I. G, Pseudustrophalosia blakei (Dear), 
dorsal external mould from Moonlight Sandstone Member, x I. H. Aperispirifer parfreyi Waterhouse, dorsal aspect, from 
Barfield Formation, x 1.1 ,Johndearia magna (Campbell), ventral view, from Moonlight Sandstone Member, x I. J, Terrakea 
exmoorensis Dear, ventral valve, x 2, from same member. 
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land, from a well-exposed sequence, maxwelli lying 
above disciitia. The area was mapped in detail in Wa¬ 
terhouse (2002a, 1:11 000 geological map) and ex¬ 
tensively figured. Briggs (1998) preferred to rely on 
a misinterpretation by Mutch (1972), in which the 
fossil locality for maxwelli was misplaced. He there¬ 
fore reversed the order of appearance, to claim that 
discinia followed maxwelli , and applied that inter¬ 
pretation to successions in the Sydney and Bowen 
Basins, misrepresenting both species, and applying 
new names to material conspccific with maxwelli 
and discinia , to justify his model. That has resulted 
in considerable distortion. Revision of the east Aus¬ 
tralian material showed that the east Australian suc¬ 
cession was like that in New Zealand, and that 
discinia proceeded maxwelli in both countries (Wa¬ 
terhouse 2001,2002a). 

Pseudostivphalosia blakei Zone (Fig. 7F - J, 8A) 

The Pseudostrophalosia blakei Zone offers difficul¬ 
ties, because key zonal fossils are limited largely to 
the Bowen Basin, with representation in New Zea¬ 
land. Even within the Bowen Basin, some stropha- 
losiid species are of very restricted distribution. 

Type section. For type section, outcrops of the Moon¬ 
light Sandstone, in the lower Blenheim Formation 
are proposed, with type section exposed east of the 
Bowen River I km north of Exmoor Homestead, and 
incorporating UQL4638, 4639, 4640, 4641 and 
4648, with others nearby (BOWEN. Urannah Topo 
scries 1:100 000 PC 8556, grid ref. 164 850). 

Typical species. The macro-faunas have been de¬ 
scribed and listed by Waterhouse and Jell (1983), and 
include Pseudostrophalosia blakei (Dear), Terrakea 
exmoorensis Dear, Johndearia manna (Campbell), 
Glendonia diwdecimcostata (M’Coy), Permasyrinx 
nobilis (Armstrong), Sulciplica transversa Water- 
house, Fletcherithyris antesulcata Waterhouse, 
Etheripeclen leniuscultis ( Dana) and E. plicata Wa¬ 


terhouse. These are joined higher in the member (UQL 
4643 etc.) by Ingelarella mantnanensis Campbell, 
Johndearia isbelli (Campbell), Glendonia exigua Mc- 
Clung & Armstrong, Marinurnula mantnanensis 
Campbell and other species. 

Distribution. The zone is represented by sandy shell- 
beds in the northern Bowen Basin. No such communi¬ 
ties or facies are to be found in the south, but 
stratigraphic considerations suggest that correlative 
but somewhat different faunas are found in the fine- 
bedded, deeper water facies represented by the Inge- 
lara Formation (Campbell 1953) and Barfield 
Formation (Parfrey 1988). The Barfield fauna includes 
the Capillonia semicircularis assemblage, involving 
this species, Saetosina dawsonensis Waterhouse, 
Ecliinalosia? parfreyi Waterhouse, Magniplicatina 
magniplica (Campbell), Attenuatella multispinosa 
Waterhouse, Ingelarella angidata Campbell, Aperisp- 
irifer parfreyi Waterhouse, Trartsversaria pauciplicus 
(Waterhouse), Spiriferellina quadriplicata Water- 
house, Marinurnula mantnanensis Campbell and 
Glyptoleda glomerala Fletcher. A very few species 
persist from the underlying Edtinalosia maxwelli 
Zone, such as Strioclwndria auriocosta Waterhouse. 
A critical section extends as tabulated by Parfrey 
(1988: fig. 9) through the Barfield Formation above 
the lower and barren Barfield Formation and Oxtrack 
Formation. The incoming faunas enter at UQL2272 
=D209 (MUNDUBF.RRA Cracow 1:100 000 Topo 
series, grid ref. 167 166). The rocks and faunas have 
been described by Parfrey (1988) and Waterhouse 
(1986, 1987a,b: 218). The faunas change at the start of 
the overlying Flat Top Formation, with entry of faunas 
of the Edtinalosia ovalis Zone. As shown by Parfrey 
(1988: fig. 8), a number of the same species are found 
in the lngclara Formation and lower Peawaddy Forma¬ 
tion of the southeast Bowen Basin, and allied forms 
were also recorded from the Catherine Sandstone by 
Briggs (1998: fig. 29). Dickins (1968) and Water- 
house (1987b) judged that the faunas were a biofacies 
equivalent of the faunas developed in the Moonlight 
Sandstone with the Pseudostrophalosia blakei assem- 


Fig. 8 (at left). Species significant for Permian of Queensland. A, Etheripeclen plicata Waterhouse, internal mould of 

left valve from Moonlight Sandstone Member, x 1. B, C, Acanthalasia deari (Briggs), dorsal external mould and latex cast of 
ventral valve, from lower Flat Top Formation, x I. D, Capillonia semicircularis snlitla (Dear) from lower middle Flat Top 
Formation, ventral internal mould, x 2. This species commenced in the Ingelara and Barfield Formations. E, F, Filiconcha Itillae 
Dear, ventral valve and ventral external mould from Flat Top Formation, Queensland, x I. G, Plckonella southlandensis (Fletcher), 
ventral aspect, from same formation. 11. I. Edtinalosia ovalis (Maxwell) s.l„ from lower Blenheim Formation, ventral internal 
mould and dorsal view of latex exterior, x 2. J. Paucispinuuria vereamda Waterhouse, a poorly preserved dorsal external mould 
from upper South Curni Limestone, southeast Queensland x 1. K, Glahmcingultim (Ananuis) tantphelli Waterhouse from 
Tamarec Formation, same area, x 2, one of the youngest Permian marine macro-invertebrate fossils in east Australia. 
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blage. There are few species in common, and even 
species of Ingelarellidae differ. Waterhouse (1987a, 
2001: 77, 78) evaluated the comparatively rare species 
Pseudostwphalosia ingelarensis (Dear) as being the 
same as P. blakei Dear, with careful re-assessment of 
the suggestions in Briggs (1998) that favoured distinc¬ 
tion. At GSQ locality LD96 in beds close to the upper 
Ingelara and overlying Catherine Sandstone. McClung 
(1983: text-fig. 14.3-5, 7, 8) described as ingelarensis 
specimens that seem the same as blakei, helping to 
link the semicircularis-blakel faunas. 

The fauna is developed in Mangarewa unit 5 of 
the Wairaki Downs, New Zealand, and includes 
Pseudostwphalosia blakei, Terrakea exmoorensis 
and Magniplicatina magniplica , which are key spe¬ 
cies from both north and south Bowen Basin. In the 
Sydney Basin, there is no clear correlative faunal as¬ 
semblage. Jngelarella angulata and Johndearia is - 
belli are found in the Murce Formation of the north 
Sydney Basin, but are not accompanied by Product- 
ida typical of the zone, and so might represent lin¬ 
gering species. Nor is there any evidence for the zone 
in Tasmania. This may imply a pause in sedimenta¬ 
tion, or at least no fossil preservation in these two re¬ 
gions, or it might signify a gradual phasing out of the 
zone and passage southwards into different faunas. 

Subzones. The type area for the zone has two succes¬ 
sive faunas, characterised by a subzone abundant in 
bivalves (, Etlieripecten plicala), followed by a band 
dominated by brachiopods, especially Pseudos- 
trophalosia blakei , with prominent Johndearia is- 
belli as documented by Waterhouse and Jell (1983). 

Echinalosia ovalis Zone (Fig. 8B-I) 

The Echinalosia ovalis Zone is widespread in east¬ 
ern Australia, with a characteristic fauna dominated 
by incoming species E. ovalis (Maxwell) and Pau- 
cispinauria solida (Etheridge & Dun). 

Type section. The Mantuan ‘Productus Bed’ or upper 
Peawaddy Formation, southwest Bowen Basin, has a 
limited fauna but individuals are numerous and well 
preserved. The type section is nominated as section 
24 in Mollan et al. (1969: pi. 9B), outcropping as co- 
quinite sandstone and siltstone at Sandy Creek in the 
Serocold Anticline (SPRINGSURE 1:63,360, grid 
ref. 6584 8996). It is overlain by Black Alley Shale, 
which contains Tigillumia havilensis, a key species 
of the overlying Pseudostwphalosia clarkei Zone. 


Typical species. Species include Echinalosia ovalis 
and Paucispinauriu solida , Plekonella southland- 
ensis (Fletcher), Johndearia dissimilis (Water- 
house), Mesopunctia pustulosus (Waterhouse), 
Maorielasma globosttni Campbell. M. imperatum 
Waterhouse, and numerous bivalve and gastropod 
species. Parfrey (1988: fig. 10) showed a number of 
species persisting front the underlying blakei inge¬ 
larensis Zone, including Saetosina multispinosa, 
AperispiriJ'er parfreyi and Ingelarella mantuanensis. 

Distribution. Elsewhere in the Bowen Basin, the zone 
is thinly represented in the Blenheim Formation 
above the Pseudostwphalosia blakei Zone and below 
the P. clarkei Zone, with species Echinalosia ovalis. 
Terrakea solida, Ingelarella mantuanensis, Sulciplica 
transverse Waterhouse and Mesopunctia maewpus- 
tulosus (Waterhouse) at UQL 4650-4652 (Water- 
house & Jell 1983). The fauna is well developed in 
the lower Flat Top Formation of the southeast Bowen 
Basin (Waterhouse 1987b), as signalled by the in¬ 
coming of Johndearia dissimilis , accompanied by a 
species of more limited distribution, Acantlialosia 
deari (Briggs), found also in the upper Ingelara Shale 
and lower Catherine Sandstone, according to Briggs 
(1998: 102). Almost fifty species have been described 
from the overlying Flat Top faunas (Waterhouse 
1987b: table 18). In the Sydney Basin, an ovalis su- 
perspecics includes populations differing from type 
ovalis to minor degree, and subdivided into taxa 
named hanloni and wassi by Briggs (1998), the latter 
very close to glabra Briggs in the Flat Top Formation, 
and all short-lived variants of limited geographic 
range. The material assigned by Briggs (1998) to 
hanloni conics above E. mbusta (syn. maxwelli) from 
the upper Belford Formation, and from the Muree 
Formation, in the Lochinvar Anticline, Hunter Valley, 
and is followed by E. runnegari Briggs in the Mul- 
bring Formation (Briggs 1998: fig. 25, p. 40). The 
Muree Formation shares E. ovalis. E. telfordi, John¬ 
dearia dissimilis. Ingelarella oviformis (M’Coy), and 
AperispiriJ'er parfreyi with Queensland faunas. Terra¬ 
kea etheridgei Briggs is a coarse-spined variant of T. 
bracltythaera. From the Nowra Sandstone of the south 
Sydney Basin, E. cf. hanloni. I. oviformis. J. dissimi¬ 
lis and A. parfreyi indicate lower ovalis Zone, and 
Terrakea brachythaera occurs in place of Paucispin- 
auria solida of Queensland. E. runnegari, E. telfordi, 
T. brachythaera, A. parfreyi, J. dissimilis and I. man¬ 
tuanensis arc found in the overlying Berry Formation, 
followed by E. wassi, T. brachythaera and J. dissimi¬ 
lis in the Broughton Formation. Many molluscs have 
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been described from these faunas (eg. Fletcher 1958). 
Tasmanian faunas arc well developed for the ovalis 
Zone, in the younger Malbina Formation (Clarke 
1987), and in New Zealand more than 40 species and 
subspecies have been monographed from units 6 and 
7 of the Mangarewa Formation, Wairaki Downs (Wa¬ 
terhouse 2001,2002a). 

Subzones. The ovalis zone falls into two divisions in 
Queensland a lower E. deari-J. dissimilis fauna, fol¬ 
lowed by the ovalis-mantuanensis faunal complex, in 
both the southeast and southwest Bowen Basin. The 
species deari is not found in the Sydney Basin, and J. 
dissimilis is much more persistent, and is found with 
a succession of narrowly defined and restricted taxa 
named hanloni, runnegari and wassi. These are ac¬ 
companied by Termkea brachythaera and various 
spiriferids and mollusca typical of the ovalis Zone, 
and without disregarding the potential for signifi¬ 
cance in evolutionary and environmental implica¬ 
tions, it appears practical to regard the successive 
and geographically very limited ranges as inapplica¬ 
ble beyond detailed intra-basinal study. 

Pseudostrophalosia clarkei Zone 

The Pseudostrophalosia clarkei Zone lies at the top 
of the marine Guadalupian Series in east Australia. 

Type area. Blenheim Formation, basal beds of the 
Scottville Member, west bank of Bowen River 0.8 
km north of Exmoor Homestead eg. UQL3711 
(BOWEN Urannah 1: 100 000Topo series 8556. grid 
ref. 1725 8330), as in Waterhouse and Jell (1983: 
234-235). 

Typical species. Species entering low in the zone in¬ 
clude Pseudostrophalosia clarkei (Etheridge), Ter¬ 
ra kea elongata (Etheridge & Dun), Fletcherithyris 
galbina Waterhouse, and Pachymyonia corrugata 
(Fletcher). A number of species persist from the un¬ 
derlying zone. 

Subzones. Above the Scottville Member a thick band 
less than 20 m thick, dominated by Arctitrcta pelican- 
ensis (Fletcher) is described in detail by Isbell (1955: 
12, 13) at Rosclla Creek, 4 km southeast of Havilah, 
with abundant bivalves. This lies less than 90 m strati- 
graphically above the Scottville Member, and includes 
a number of species, such as Johndearia pelicanensis 
(Campbell), Mesopunctia minutus (Campbell), Maori- 


elasma globosum Campbell and Gilledia pelicanensis 
Campbell, not found in the Scottville fauna. A younger 
fauna called the Havilah fauna by Dear (1972) is found 
nearly 90 m above the pelicanensis band and is char¬ 
acterised by Tigillumia havilensis (Campbell), Mar- 
ginalosia minima (Maxwell), with Paucispinauria 
solida (Etheridge & Dun) and Mesopunctia minutus 
(Campbell). The type area of this younger fauna is of¬ 
fered by D27GSQ (MT COOLON 1:63,360, grid ref. 
652 368) near Blenheim homestead (Dear 1971) in the 
lower Exmoor Formation of Koppe (1978). These may 
be treated as subzoncs: they share many species, in¬ 
cluding clarkei, with the Scottville Member. 

Distribution. The zone is of limited distribution in east 
Australia. Within the Bowen Basin, Tigillumia havilen¬ 
sis was described by Dickins (1983) from the Black 
Alley Shale and MacMillan Formation of the southern 
Reid’s Dome and Chcrwell Range in the southwest 
Bowen Basin, stratigraphically above the Echinalosia 
ovalis Zone. Dickins (1989) also recognised an allied 
fauna in the Kulnurra marine tongue in the Wallis 
Creek Formation of the Tomago Coal Measures in the 
northern Sydney Basin, with such species as Margina- 
losia minima , Tigillumia havilensis and Glyptoleda 
flexuosa Waterhouse. The zone is very well represented 
in the upper Mangarewa Formation of southern New' 
Zealand with some seventy species described: havilen¬ 
sis and Arctitrcta pelicanensis and Johndearia pelican¬ 
ensis co-occur with Scottville species, suggesting 
merging of the faunas. In addition, sparse faunas in¬ 
cluding clarkei and minima are found in the Flowers 
Formation of northwest Nelson (Waterhouse 2002a). 
The zone is nowhere known in Tasmania. 

Discussion. The subzoncs are not exposed at surface 
in any one convenient section, but outcrops occur 
near each other. So far there arc no comprehensive 
faunal descriptions, but key species have been de¬ 
scribed notably by Campbell (1960, 1965) and Dear 
(1971). There is scope for closer calibration and def¬ 
inition of type sections. 

The interpretation of the Pseudostrophalosia 
clarkei Zone follows that forwarded by Dickins 
(1983, 1989), Waterhouse (2001, 2002a) and Water- 
house & Jell (1983). Briggs (1998) presented a very 
different interpretation, in which clarkei was said to 
be followed by a succession of zones based on key 
species (ingelamtsis, crassa, deari, ovalis and voi- 
sevi). but he was not able to point to any sections that 
showed such a sequence, except for subsurface cores, 
which have been re-examined by Waterhouse (2001) 
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to show that species had been misidentified. It has 
been demonstrated that darkei overlies ovalis in both 
the western Bowen Basin and New Zealand (Water- 
house 2002a), and it has been further shown that 
Pseudostrophalosia crassa cannot be objectively sep¬ 
arated from P. darkei (Waterhouse 2001: 81). In the 
southeast Bowen Basin, ingelarensis is followed by 
dead, in turn by ovalis (Waterhouse 1987b), but there 
is no Pseudostrophalosia darkei - or crassa. The key 
species liavilensis definitely overlies ovalis in the 
southwest Bowen Basin, and with minima is younger 
than the ovalis complex in the Sydney Basin (Dickins 
1983, 1989). It is accompanied by darkei in the north 
Bowen Basin and north Sydney Basin, as well as 
Wairaki Downs, New Zealand. The species ‘Echina- 
losia ’(sic) voiseyi Briggs has no clear relationship to 
ovalis or other species, and seems likely to represent 
a minor fauna within an ovalis or older zone, possibly 
equivalent to the Barfield - Ingelara faunas. 

Plekonella multicostata Zone (Fig. 8J, K) 

The youngest Permian marine macro-faunas in east 
Australia are found in the upper South Curra Lime¬ 
stone andTamaree Formation (Runnegar& Ferguson 
1969, Waterhouse & Balfe 1987) near the township 
of Gympie in southeast Queensland. The relationship 
to underlying rocks and fossils is poorly understood, 
and the South Curra and Tamaree beds, likely to be 
of early Changhsingian age, are overlain by Early 
Triassic rocks and faunas, so that the zone is capped 
by a ‘Black Flag’. 

Type section. Any decision is deferred until the best 
available section is determined. There are prospec¬ 
tive sections at the ridge east of Allan Road, 2 km 
north of Chatsworth at UQL2704 (GYMPIE military 
map 1:63 360 grid ref. 766 536), or the nearby quarry 
west of the Tamaree lime works. 

Typical species. The fauna is diverse and possibly in¬ 
cludes species also found in the Echinalosia ovalis 
Zone of the Bowen Basin. Species indicating a younger 
age include Paudspinauria verecunda Waterhouse, 
Plekonella multicostata Waterhouse, Spinomartinia 
spinosa Waterhouse, and Glabmcingulum (Ananias) 
campbelli Waterhouse is found in the overlying Tama¬ 
ree Formation (Waterhouse 2002a: 158). 

Distribution. The fauna is limited to the Gympie 
area. The critical fossils are found in New Zealand as 


the Plekonella multicostata or Paudspinauria vere¬ 
cunda Zone, with Maitaia trechmanni Marwick, in 
the Glendale Limestone, above the Pseudostrophalo¬ 
sia darkei Zone in the Mangarcwa Formation of 
Wairaki Downs, New Zealand, followed by the 
Spinomartinia spinosa Zone in the overlying Hilton 
Limestone (Waterhouse 2002a: 65, 73), with faunas 
widespread elsewhere and including Trabeculatia 
trabeculum (Waterhouse), as expounded in Water- 
house (2002a). At Gympie the two New Zealand 
zones appear to be merged into one. possibly because 
there was faunal mixing. The zones are followed in 
New Zealand by two further zones of Late Permian 
age, but all correlative beds in east Australia are 
non-marine. 


INTERNATIONAL CORRELATION 

Atnmonoids are rare in the Permian of eastern Aus¬ 
tralia, and include Gobioceras cancellation (Dear) in 
the upper Paudspinauria geniculata and Taenioth- 
aerus subquadratus Zones, with no firmly delineated 
time-range but consistent with a late Sakmarian or 
early Artinskian age. The genus Uraloceras which is 
considered to have given rise to Gobioceras ranged 
from Sakmarian to Kungurian. A late Sakmarian age 
is preferred, because the brachiopod and bivalve 
components strongly indicate correlation with the 
Coronalosia invinensis Zone of Western Australia, 
which has Stcrlitamakian ammonoids (Archbold 
1993, 2000). From the Ingelarella plica Zone Ne- 
ocrimites fredericksi (Emeliantsev) is especially 
characteristic of early Baigendzinian age (Leonova 
& Dmitriev 1989: 163), and if so, suggests a possible 
gap in the faunal record, but this requires further 
study. Aricoceras meridionals (Tcichert & Fletcher, 
1943) from the Wyndhamia typica Zone is approxi¬ 
mately Filippovian (early Kungurian). No conodonts 
are found in the east Australian Permian, but Mes- 
ogondolella bisselli from the Echinalosia conata 
Zone in New Zealand (Waterhouse 2002a: 146, 197), 
equivalent to a ‘Black Flag’ interval in east Australia 
above the Ingelarella plica Zone, indicates an Artin¬ 
skian or greater age. Amongst brachiopod evidence, 
Bandopmductus is shared with faunas of south Asia 
that are deemed to be early Tastubian (lower Sakmar¬ 
ian) or possibly late Asselian age (Waterhouse 
2002a). The Paudspinauria geniculata Zone is rep¬ 
resented in south Asian faunas deemed to be Sak¬ 
marian, and the Terrakea pollex to Taeniothaerus 
subquadratus Zones are closely allied to the Corona- 
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losia irwinensis Zone of Archbold (1993, 2000) in 
Western Australia, with Sterlitamakian ammonoids. 
Younger zones are dated following Waterhouse 
(2002a) and Archbold (2000), with discussion of ra¬ 
diometric evidence in Waterhouse (2002a: 226ff). 


SYSTEMATIC PALAEONTOLOGY 

Superfamily SPIRIFEROIDEA King. 1846 
Family TRIGONOTRET1DAE Schuchert, 1893 
Subfamily TRIGONOTRET1NAE Schuchert, 1913 
Genus Neilotreta n. gen. 

Derivation. Named for Neil W. Archbold. 

Type species. Trigonotreta occidentalis Thomas, 
named as Trigonotreta narsahensis occidentalis Tho¬ 
mas (1971: 108. pi. 19, figs 1-6, 9-13, text-figs 38- 
40), here designated. 

Diagnosis. Trigonotretin species with four or five 
pair of simple plicae on each valve, and costae lim¬ 
ited chiefly to sulcus and fold, the crest of plicae 
rarely splitting into one or two costae. 

Discussion. This genus differs from Trigonotreta in 
having few costae over the plicae. A costa may split 
from the flanks of inner plicae near the umbo, and 
anteriorly the plicae may split into two. In Trigo¬ 
notreta , the plicae arc dominated by a primary high 
costa, with further costae arising moderately close to 
the umbo and remaining secondary to the main costa: 
they are often, but not always, trifurcate rather than 
bifurcate. Although Trigonotreta may appear to be 
‘more advanced’ insofar as its ornament is more 
elaborate, Neilotreta is no older than Trigonotreta 
stokesii Koenig, and it would seem that the genus de¬ 
veloped by paedomorphy, because immature Trigo¬ 
notreta looks like Neilotreta in its ornament. 

Spirifer narsahensis Reed (1928: 379) from the 
Umaria beds of central India is not congeneric, having 
a simple fold often with a median channel, and is the 
type species of Brachythyrinella Waterhouse & Gupta, 
1978. This genus is common in the Permian faunas of 
South America (Waterhouse 2004a: 169-170). 

Other species that may be referred to the new 
genus include Trigonotreta tangorini Archbold 
(2003: 162, text-fig. 4.1-14) from the Beckers For¬ 
mation of the Cranky Corner Basin, New South 
Wales, and T. thomasi Waterhouse (2004a: 166, pi. 7, 
fig. 6-9) from the Bijni tectonic unit of the Garwal 


Himalaya in India. Trigonotreta hesdoensis Sahni & 
Dutt, 1959 from the fauna at Manendragarh, India, 
probably belongs to the genus, but the dorsal fold is 
a little obscure, allowing uncertainty. These species 
are all of Early Permian age. 
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GLACIATION IN SOUTHERN AUSTRALIA 
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Webb, J.A. & Spence, E„ 2008. Glaciomarine Early Permian Strata at Bacchus Marsh, Central Victoria 
- The Final Phase of Late Palaeozoic Glaciation in Southern Australia. Proceedings of the Royal 
Society of Victoria 120(1): 373-388. ISSN 0035-9211. 

As the Late Palaeozoic continental ice sheet covering most of Victoria retreated in the late Sakmarian, 
the inland sea along its northern margin expanded southwards into central Victoria to deposit a well-ex¬ 
posed sequence of glaciomarine strata (the upper part of the Bacchus Marsh Formation) at Bald Hill near 
Bacchus Marsh. The initial transgression formed a thin conglomerate due to limited reworking of a gla¬ 
cially deposited diamictile, A relatively shallow, protected, low energy embayment of the inland sea then 
accumulated — 180 m of interbedded dolomitic sandstones and siltstones with abundant sedimentary struc¬ 
tures, including climbing ripples and, on the bases of sandstone beds, runzelmarks. These sediments were 
deposited by north-flowing turbidity currents generated annually by the summer influx of sediment in the 
meltwater streams draining the ice sheet. Following each turbidity flow, the surface of the silt was fre¬ 
quently burrowed by Phmolites and colonised by microbial mats, which provided cohesion, so the silt 
surface was wrinkled rather than eroded by the next turbidity flow. Each sandstone/siltstone couplet prob¬ 
ably represents one year of deposition, so the sediments accumulated very rapidly (~0.2 m/year) and the 
entire sequence was deposited in <1000 years; this is typical of glaciomarine environments. The interbed¬ 
ded sandstone/siltstone sequence coarsens upwards, accompanied by a decrease in dolomite content and a 
change in ichnofauna from Planolites to Afttensteria ; this was due to progradation ot the delta at the 
mouth of the meltwater streams, so that the uppermost sediments were deposited in fresh water. The pres¬ 
ence of typical marine fauna and dolomite in the sediments indicates that the inland sea had approximately 
normal salinity and must have been connected to the open ocean, probably the Tethys Ocean to the north¬ 
west, but not to the very extensive fresh-brackish inland sea in Antarctica to the south. 

Key words: Glaciomarine. Early Permian, turbidites, palaeogcography, Bacchus Marsh. 


THE LATE PALAEOZOIC GLACIATION that af¬ 
fected large parts of Gondwana, extending northwards 
from Antarctica and covering much of southern Aus¬ 
tralia, deposited glacial sediments throughout sub¬ 
stantial areas ofVictoria. At its maximum extent in the 
Early Permian, virtually all ofVictoria lay beneath an 
icesheet that overwhelmed the topography (O'Brien et 
al. 2003). The glacial origin of the Early Permian 
strata in Victoria was originally recognised by Sclwyn 
(1861); these sediments have been the subject of con¬ 
tinuing interest and have been studied in some detail 
(e.g. David 1896; Jacobson & Scott 1937; Crowell & 
Frakes 1971; Roberts 1984; Bowen & Thomas 1988; 
O'Brien et al. 2003). The age of the sediments, based 
on leaf fossils, was the subject of controversy between 
the palaeontologists McCoy, Clarke and Feistmantel 
who first worked on the fossils (Archbold 1998), but 
the presence of the typical Gondwanan Permian leaf 
genus Gartgamopteris enabled McCoy (1875) to dem¬ 
onstrate the Permian age, which was later confirmed 
using brachiopods (Garratt 1969; Archbold 1991). 


The Victorian glacial strata are predominantly 
continental except in northern Victoria, where a shal¬ 
low sea was present along the northern margin of the 
ice sheet (O'Brien 1986). As the glaciation waned 
and the glaciers retreated southwards, the sea ex¬ 
panded, as shown by the presence of Early Permian 
marine fossils, including brachiopods and conuluri- 
ids, in central Victoria (Arehbold 1991; Thomas 
1969). The focus of most Victorian Permian studies 
has been the continental glacial sediments, but the 
volumetrically minor glaciomarine strata in central 
Victoria arc worthy of attention, because they testify 
to the history of the waning stages of the glaciation. 

The best exposed sequence of the glaciomarine 
strata lies on the side of Bald Hill, adjacent to Bac¬ 
chus Marsh in centra! Victoria. These sediments, 
which are described in detail in this paper, provide an 
ideal opportunity to determine the sedimentary envi¬ 
ronment and palaeogcography of the ice sheet mar¬ 
gin during the final stages of the Late Palaeozoic 
Gondwanan glaciation. 
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REGIONAL SETTING 

Within Victoria Permian sediments occur in several 
separate areas; the thickest and best exposed are 
found around Bacchus Marsh (Fig. I; Singleton 
1973). These arc mapped as the Bacchus Marsh For¬ 
mation (Roberts 1984), a name that takes precedence 
over the Wild Duck Formation proposed by Edwards 
et al. (1998) for Permian sediments throughout Vic¬ 
toria (O’Brien et al. 2003). 

The Permian sediments at Bacchus Marsh un- 
conformably overlie Ordovician sandstones and 
shales of the Melbourne Zone, which is part of the 
Lachlan Fold Belt (VandenBcrg et al. 2000). The Or¬ 
dovician sediments were deposited in a deep marine 
turbiditic environment. In a series of subsequent tec¬ 
tonic events they were folded, faulted and subjected 
to regional low-grade metamorphism; this is evident 
in the shales, which generally have a well-developed 
slaty cleavage. Quartz veining occurred concomi¬ 
tantly with the folding. The Tabbcrabbcran Orogeny 
in the mid-Devonian completed the cratonisation of 
the Victorian part of the Lachlan Fold Belt, and was 
followed by widespread intrusion of granites in the 
Late Devonian; several of these plutons outcrop in 
the Bacchus Marsh area, and are surrounded by 
hornfels contact aureoles. 

Glaciation commenced in the latest Carbonifer¬ 
ous and terminated in the Early Permian (Sakmarian; 
Warnc et al. 2003). At this time Victoria lay at high 
southern latitudes adjacent to Antarctica. As the con¬ 
tinental icesheet advanced across Victoria from Ant¬ 
arctica, it formed striated and polished pavements 
that are exposed at a number of localities in central 
Victoria (Singleton 1973); the striations indicate that 
the direction of ice movement in this area was 
broadly from the south and southwest (Bowen & 
Thomas 1988). The relief of the pre-existing surface 
was probably relatively subdued (<1000 m); the ice 
completely covered the landscape, as shown by the 
lack of coarse angular debris that could have been 
derived from valley sides (O’Brien et al. 2003). The 
ice sheet was temperate, i.e. wet-based and not fro¬ 
zen to its bed except perhaps at the margins (O’Brien 
et al. 2003). As a result the ice could slide over the 
underlying sediments and bedrock and produced 
large volumes of meltwater and sediment, analogous 
in many ways to the present-day temperate glaciers 
of Alaska (Molnia 1989). 

At the close of glaciation sea level rose and the 
land rebounded due to isostatic uplift as the glaciers 
melted. Uplift continued after sea level had stabi¬ 


lised and central Victoria became dry land. It re¬ 
mained above sea level, subject to weathering and 
erosion, throughout the Mesozoic. Minor deposits of 
fluvial Triassic sediments at Bacchus Marsh indicate 
that the land surface was probably low relief and 
crossed by south-flowing rivers (Webb & Mitchell 
2006). 

In the Palcocene-Eocene, eruptions of olivine 
basalts (Pentland Hills Volcanics) covered much of 
the Bacchus Marsh area, reaching up to 170 m thick¬ 
ness in places. These lavas are overlain by Tertiary 
fluvial sands and gravels with coal seams (Werribee 
Formation). Subsequent uplift and faulting, in partic¬ 
ular along the Rowsley Fault during the Pleistocene 
(Singleton 1973), resulted in incision by creeks and 
rivers to expose the underlying Permian strata. 


BACCHUS MARSH FORMATION AT 
BALD HILL 

The Bacchus Marsh Formation outcrops as six sepa¬ 
rate blocks bounded by mostly east-west faults (Fig. 
1); movement on the faults may have extended back 
to the Permian (Singleton 1973). Korkuperrimul 
Creek has cut through two of these blocks. The north¬ 
western one has ~ 1100 m of glacial section exposed 
and records a number of glacial advances and re¬ 
treats; the thickness of the section probably reflects 
synsedimentary faulting (O’Brien et al. 2003). The 
southeastern block, at Bald Hill -1.5 km northwest 
of Bacchus Marsh, is triangular (Fig. 1); it is faulted 
to the north and east against Tertiary sediments and 
volcanics (Roberts 1984). Along the southern side of 
the Korkuperrimul Creek valley at Bald Hill is excel¬ 
lent outcrop of a continuous section 280 m thick 
(Fig. 2A); the upper -180 m are glaciontarinc sedi¬ 
ments that are the subject of this study. 

The Bacchus Marsh Formation at Bald I till com¬ 
prises, in stratigraphic order, diamictites interbedded 
with massive to laminated sandstones that contain 
large-scale synsedimentary deformation structures, 
conglomerate (Morton Conglomerate Member; Rob¬ 
erts 1984), and interbedded sandstones and siltstones 
that are often dolomitised (Fig. 1). The latter unit is 
distinctively different from the other parts of the 
Bacchus Marsh Formation, and could be separated 
as a new formation; however, the outcrop is too lim¬ 
ited to warrant this. 

The upper two units of the Bacchus Marsh For¬ 
mation contain, respectively, conulariids and Zone 
APP2 palynomorphs (the latter in equivalent strata at 
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Fig. 1. Detailed map of Bacchus Marsh Formation at Bald Hill, and Permian outcrops around Bacchus Marsh (from 
Singleton 1973). 

























376 


J.A. WEBB & E. SPENCE 




Fig. 2. A, General view of Bacchus Marsh Formation outcrop, looking south from Bald Hill. B, Morton Conglomerate 
Member; 50 mm scale bar. C, Dolomite concretion; 50 mm scale bar, D. Convolute lamination in sandstone bed; note geo¬ 
logical hammer for scale. 


Lerdertlerg Gorge; C. Foster quoted in O’Brien et al. 
2003); together these indicate a late Sakmarian 
(Early Permian) age (Warne et al. 2003). 

The glacial and fluvioglacial sediments beneath 
the conglomerate will be briefly discussed before de¬ 
scribing the glaciomarine sequence (conglomerate 
and interbedded sandstones and siltstones) in detail. 

Diamictite 

Only a few beds of diamictite outcrop at Bald I till, as 
massive red to grey gravelly sandstones, containing 
scattered mostly rounded clasts up to 75 cm across of 
locally derived lithologies: Ordovician quartz sand¬ 
stone (~45%) and slate (~ 10%), Devonian granite 
(~35%) and hornfels (~ 10%). The clast density is 1 to 
75 per square meter of outcrop. Vein quartz clasts 
(~1%) have very similar fluid inclusions to quartz 
veins within the Ordovician sediments in the Brisbane 


Ranges to the southwest. The poorly sorted coarse 
sandstone matrix of the diamictites comprises gener¬ 
ally angular grains of quartz, rock fragments (slate, 
hornfels and sandstone), weathered plagioclase, K- 
feldspar and microeline, and muscovite (in order of 
abundance) in a matrix of quartz silt and clay. A few 
of the gravel-sized clasts show striated facets due to 
glacial transport, but the majority arc subrounded to 
well-rounded, probably reflecting an origin as unlithi- 
fied river gravels picked up by the advancing glaciers. 
The diamictites were deposited under subglacial to 
sub-iccshclf conditions (O’Brien 1996). 

Massive to laminated sandstones 

Interbedded with the diamictites are 1 10 m thick 
beds of medium to coarse sandstone, very similar in 
texture and composition to the sandstone matrix of the 
diamictites. Many of the sandstone beds are massive; 
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others show plane, trough or ripple cross-lamination. 
One bed contains Catamites stems and leaf impres¬ 
sions of Gangamopteris and Glossopteris (Douglas 
1969; Rigby & Chandra 1990). At the base of some 
beds are thin mudstone lenses that have frequently 
been partially eroded off and then overlain by sand¬ 
stone. Two sandstone beds show large scale soft sedi¬ 
ment deformation in the form of asymmetric 
recumbent folds with amplitudes of up to 15 tn and 
axial planes striking east-west and dipping south; the 
folds indicate a sense of movement from south to 
north, and are truncated by overlying beds. Smaller 
scale folds occur in one bed of plane-laminated sand¬ 
stone; the folds have the same asymmetry as the larger 
structures, but arc smaller (3-10 cm amplitude). 

These sediments were probably deposited on a 
sandy, high energy delta in a pcriglacial lake (O’Brien 
1996); the smaller scale folding was caused by slump¬ 
ing down the delta front. The large-scale folding 
formed beneath the glacier due to ice deceleration and 
comprcssional strain where the bed conditions 
changed downflow from melting to frozen (Drewry 
1986). The asymmetry of the folding indicates clearly 
that the glaciers at Bacchus Marsh were moving north. 
The presence of two beds with large-scale folding 
records two glacial advances; altogether at least nine 
major periods of glaciation are recorded in the thicker 
Bacchus Marsh Formation section at Korkuperrimul 
Creek northwest of Bald Hill (O'Brien ct al. 2003). 

MORTON CONGLOMERATE MEMBER 

An easily recognised matrix-supported conglomer¬ 
ate, Morton Conglomerate Member (Fig. 2B), can be 
mapped across the Bald Hill Permian outcrop (Fig. 

1); it was first described by Sehvyn (1861) and for¬ 
mally named by Roberts (1984). This bed truncates 
the underlying sandstones and is distinguished by the 
abundance of clasts. It is 1 -5 m thick, and consists of 
clasts up to 28 cm in diameter of granite, hornfels, 
sandstone, slate and quartz in much the same propor¬ 
tions as the underlying diamietites. The clasts are all 
subrounded to rounded. The medium to coarse mod¬ 
erately well sorted sandstone matrix has a similar 
composition to the underlying sandstones and 
diamictite matrix, except that it contains patches of 
dolomite cement, both as fine-grained masses and 
occasionally as rhombohedral crystals -0.2 mm 
across. The dolomite rhombs often have a cloudy 
core surrounded by a clear rim that may contain a 
cloudy growth band. Quartz and muscovite grains in 


the sandstone matrix may have a thin layer of dolo¬ 
mite surrounding them, and dolomite crystals have 
frequently grown into the cleavage planes of the 
muscovite, tearing these grains apart. Dolomite is 
also present as an intergranular cement within the 
outer 1-5 mm of many of the granite clasts, indicat¬ 
ing that these clasts had undergone some weathering 
before being deposited in the conglomerate. 

The conglomerate represents a diamictite with 
reduced matrix content, as shown by the similarity of 
the clast compositions. Rare conulariids ( Notoconu- 
laria) have been recorded from the Morton Con¬ 
glomerate Member (Thomas 1969), indicating a 
marine environment of deposition, also shown by the 
presence of dolomite cement (dolomite forms pre¬ 
dominantly in marine sediments; Tucker & Wright 
1990). The conglomerate formed during the initial 
transgression into the area as the glaciers melted, and 
formed as the diamictite was reworked by marine 
processes, probably weak tidal currents in an enibay- 
ment (see discussion below). The reworking was in¬ 
sufficient to remove the entire matrix and did not 
form any sedimentary structures. 

INTERBEDDED SANDSTONES AND 
SILTSTONES 

Lithology and sedimentary structures 

Above the Morton Conglomerate Member is a 180 m 
thick section of interbedded sandstones and siltstones 
(Figs I. 2A). The fine-medium sandstones are mod¬ 
erately well sorted lithic greywackes and litharenites. 
They have a similar texture and composition to the 
sandy matrix of the underlying conglomerate; the 
clay minerals in the matrix arc illite and kaolinite 
(identified using XRD analysis). Organic matter is 
abundant in both sandstones and siltstones, as dis¬ 
seminated grains and dark brown laminae, some of 
which contain poorly preserved presumably micro¬ 
bial cells ~0.05 mm across. 

Dolomite is widespread and forms both occa¬ 
sional cemented layers and ovoid concretions 2-100 
cm in diameter (Fig. 2C); the smaller concretions are 
more spherical. Dolomite is most common in the 
finer-grained, thinner beds, and decreases in abun¬ 
dance up section; it is completely absent in the up¬ 
permost strata. The dolomitised beds can be traced 
laterally for several hundred meters (Fig. 1); they arc 
more resistant to weathering and stand out on the 
hillside exposure, as do the dolomite concretions. 
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Fig. 3. Structures in interbedded sandstone/siltstonc unit. A, Unidirectional ripple cross-lamination in sandstone bed; 50 mm 
scale bar. B. Plane laminated sandstone bed; 50 mm scale bar. C, D, Runzelmarks on bases of sandstone beds; 50 mm scale bars. 
E. Planolites in dolomitised siltstone; 10 mm scale bar. F, Muensteria in sandstone bed near top of section; scale bar in cm incre¬ 
ments. G, Climbing ripple in sandstone bed; 50 mm scale bar. H. Convoluted base of sandstone bed; 50 mm scale bar. 
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Similar to the conglomerate, the dolomite occurs as 
microcrystalline patches and, less commonly, as 
rhombohedral crystals; the latter are finer (0.05 mm) 
and less well formed than in the conglomerate. 

Thin conglomerate beds appear at the top of the 
section; these arc <10 cm thick and contain rounded 
pebbles (up to 8 cm across) of granite, slate and 
sandstone, together with rip-up clasts of mudstone 
and grains of angular quartz, feldspar and biotite, 
representing disintegrated granite pebbles. The sand¬ 
stone beds associated with the pebble layers at the 
top of the Bacchus Marsh Formation are generally 
strongly ferruginised and yellow'-brown in colour; 
some of the thicker beds contain plant stems and oc¬ 
casional leaf fragments of Gangamopteris. 

The interbedded sandstones and siltstones form 
an overall upwards-coarsening sequence. Immedi¬ 
ately above Morton Conglomerate Member is a mas¬ 
sive grey siltstone with rare fine sandstone laminae. 
This unit has yielded marine arenaceous foraminif- 
era (C. Foster quoted in O’Brien et al. 2003), and 
grades upwards into thinly interbedded centimeter- 
thick sandstones and siltstones (Fig. 4). The sand¬ 
stones become thicker and more common up 
sequence. Individual sandstone beds have a sheet- 
like geometry; dolomitised beds can be traced for 
several hundred meters with no significant change in 
thickness. The upper boundaries of the sandstones 
are generally sharp, but commonly grade rapidly into 
the overlying siltstones. About 20 m above the con¬ 
glomerate the first ripple cross-laminated beds enter 
the section. Above this level the sandstones contain 
abundant sedimentary structures, apart from a few 
massive beds up to 40 cm thick. Plane-laminated 
beds are very abundant (Fig. 3B), and unidirectional 
ripple cross-lamination is common (Fig. 3A). Climb¬ 
ing ripples with an amplitude of several centimeters 
are occasionally present, and show a low angle of 
climb (Fig. 3G). Within the thicker sandstone beds 
there may be more than one cross-laminated set, 
interbedded with plane laminated intervals, and the 
common preservation of the upper surfaces of the 
ripples gives a pinch and swell appearance to the 
cross-laminated sets. Overall each sandstone bed 
represents deposition by a unidirectional current dur¬ 
ing a single event under upper and lower flow regime 
conditions. The current direction, measured from the 
dip direction of the cross-lamination, is consistently 
towards the north (Fig. 5). 

Also common in this part of the section arc unu¬ 
sual structures present on the bases of sandstone beds 
overlying siltstones, as well-defined semicontinuous. 


Lithology Sedimentary 



Fig. 4. Representative stratigraphic section of middle 
part of interbedded sandstone and siltstone unit at Bald 
Hill; see Fig. 1 for location, c ^ clay, si = silt, fs = fine sand¬ 
stone, ms = medium sandstone. Solid horizontal lines in 
Lithology column represent bedding planes. 
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Fig. 5. Palaeocurrent directions from ripple cross lamination and runzclmark orientations; overall dip of the bedding re¬ 
moved using a stereogram. 


subparallcl ridges that vary gradationally in width 
from 1-10 mm to several cm; the ridges are a consist¬ 
ent width on any particular bed (Figs 3C, D). The 
larger ridges are more irregular and have been em¬ 
phasised by load casting, but they are clearly an origi¬ 
nal sedimentary structure. The ridges are oriented 
consistently east-west (Fig. 5), i.e. perpendicular to 


the current direction that deposited the sandstones. 
They are best described as runzclmarks (wrinkle 
marks), and appear to have formed by wrinkling of 
the cohesive surface of a siltslone by frictional drag 
of the unidirectional current that deposited the over- 
lying sandstone; downslope movement of the sedi¬ 
ments after deposition may also have been involved 
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(Maltman 1994). Runzelmarks are generally de¬ 
scribed from tidal flats, where wind blows shallow 
water over cohesive muds, causing them to wrinkle 
(Reineck & Singh 1980); runzelmarks in these envi¬ 
ronments are generally irregular in shape. The runzel¬ 
marks in the Bacchus Marsh Formation have clearly 
formed subtidally; the cohesiveness of the mud sur¬ 
face may reflect the presence of microbial mats, as 
the siltstones contain abundant organic laminae with 
poorly preserved presumably microbial cells. 

Convolute lamination occurs in several sandstone 
beds (Figs 2D, 311); the original plane lamination of 
the beds has contorted irregularly into ball and pillow 
structures. Convolute lamination reflects internal 
foundering of the heavier sand into the underlying liq¬ 
uefied mud, and was probably triggered by the loading 
imposed by the sudden deposition of the overlying 
sand. Alternatively, the penccontemporancous defor¬ 
mation could have followed earthquake events, as in 
the glaciomarine Middle Permian sediments of the 
southern Sydney Basin (Du et al. 2005). 

Closely spaced, subhorizontal unlined tubular bur¬ 
rows ( Planolites ), up to 1.5 cm long and 0.2 cm in di¬ 
ameter (Fig. 3E), are common in many of the siltstone 
beds in the lower two-thirds of the section. Planolites 
is often more abundant towards the top of beds and is 
most evident in beds that have been dolomitised; the 
burrow infills are cleaner than the surrounding sedi¬ 
ment and have not been cemented by dolomite, so 
they weather out as fine holes. This ichnofossil was 
probably formed by worms and is typical of quiet ma¬ 
rine environments at all water depths (Ekdalc ct al. 
1984). Planolites has been recorded from glacial envi¬ 
ronments, e.g. outer shelf muds in the glaciomarine 
Gulf of Alaska (Eyles ct al. 1992). 

Towards the top of the section there is a change 
in the ichnofauna: Planolites is replaced by occa¬ 
sional Muensteria (Fig. 3F), subhorizontal infras¬ 
trata 1 burrows within sandstone beds. The burrows 
are up to 1.5 cm across and 15 cm long, fairly straight 
or with a moderate curvature, and have well-defined 
meniscoid backfill. They were possibly formed by 
small arthropods (? insect larvae) travelling through 
the sediment at a shallow depth; Muensteria is typi¬ 
cal of terrestrial environments, and is known from 
glacial deposits of various ages (Ekdale et al. 1984). 

Depositional processes 

The sandstone beds in the lower two-thirds of the 
section formed within a predominantly marine envi¬ 


ronment, as shown by the presence of Planolites , 
arenaceous forams and dolomite; the underlying 
conglomerate is also marine, as already discussed, 
and an open marine fauna (brachiopod and fenestel- 
lid bryozoan) is present in nearby coeval sediments 
(Garratt 1969; Archbold 1991). 

The Bald Hill sandstone beds were deposited by 
periodic high-energy' currents with a consistent di¬ 
rection, and the sedimentary structures present (plane 
lamination, cross-lamination, climbing ripples; Figs 
3A, 3B, 3G, 4) indicate upper and lower flow regime 
conditions. The interbedded siltstones were depos¬ 
ited by waning flows (as shown by the sharply grada¬ 
tional tops of many sandstone beds) and then from 
suspended sediment under quiet water conditions. 
Taken together, these features are typical of deposi¬ 
tion by turbidity flows. However, the sandstones lack 
the classic Bouma sequence (Bouma 1962; Einsele 
ct al. 1991). The basal interval A (graded sands lack¬ 
ing other sedimentary structures) is absent, because 
the sediment supply did not encompass a large varia¬ 
tion in grain size; the Ordovician slates which pro¬ 
vided most of the sediment break down into 
fine-grained material (O’Brien 1996). 

Following a turbidity flow, the surface of the silt 
was frequently burrowed by Planolites and colonised 
by microbial mats. The mats provided cohesion, so 
the silt surface was wrinkled rather than eroded by 
the next turbidity flow. 

Turbidity currents generated by episodic slumping 
occur commonly on glaciomarine shelves, and act to 
carry bedload and suspended material to the seafloor 
where interbedded sands and silts are deposited, with 
the sands characterised by grading and climbing rip¬ 
ple lamination (Drcwry 1986, Molnia 1989). Tur- 
bidites have been recorded in glaciomarine sediments 
associated with the waning stage of the Late Palaeo¬ 
zoic glaciation elsewhere in Gondwana. The Early 
Permian Mackellar Formation was deposited in an ex¬ 
tensive inland sea in Antarctica, largely by turbidity 
flows supplied by meltwater streams flowing across a 
braided outwash plain formed as the glaciers retreated 
(Miller & Collinson 1994). 

The turbidity flows that deposited the Bald Hill 
sandstones contained high levels of suspended sedi¬ 
ment and could have been underflows formed when 
sediment-laden meltwater streams entered the ocean, 
generating a sediment plume that flowed along the 
seafloor. However, sediment plumes may also flow 
either at or just beneath the water surface (overflow) 
or within the body of water (interflow); plume behav¬ 
iour depends on the relative density of the stream and 
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seawater. Meltwater streams have high sediment loads 
and therefore high density, both because of the abun¬ 
dant sediment supply, and because cold water has a 
greater viscosity than warm water and can carry a 
higher sediment concentration (Drewry 1986). How¬ 
ever, for undernows to be generated in seawater, the 
inflowing meltwater must contain about 32 g/L sus¬ 
pended solids (Hunter et al. 1996), to overcome the 
density difference between salt and fresh water. Melt¬ 
water streams can contain more than one g/L of sus¬ 
pended sediment, but rarely reach sufficient levels to 
form underflows in seawater, so overflows are most 
common where glacial streams enter the ocean (Mol- 
nia 1989). Thus the turbidity Hows that deposited the 
interbedded sandstones and siltstones at Bald Hill 
were probably not formed by underflows; instead 
they were most likely initiated by slumping on overs¬ 
teepened slopes of freshly deposited sediment, unsta¬ 
ble due to high porewater pressures resulting from 
rapid deposition (Eyles & Eyles 1992). 

Each turbidite in the Bald Hill section was gener¬ 
ated by spring/summer melting of the glacier margin 
to the south, providing a sudden influx of sediment¬ 
laden fresh water to the ocean. In glacial streams 
sediment discharge increases rapidly in spring as 
melt increases and easily transported sediment is 
flushed out; often a large proportion of the annual 
sediment load is discharged during only a few days 
of very high summer flow (e.g. Metcalf 1979). The 
periodic spring/summer sediment influx is followed 
by negligible discharge of almost clear meltwater 
over winter, allowing the fine suspended sediment in 
the seawater to settle out under quiet conditions, per¬ 
haps assisted by freezing over of the sea. Although 
sediment inflow from glacial streams varies daily 
and due to major Hood events, most variation is sea¬ 
sonal, so each sandstone and overlying siltstone in 
the Bald Hill sequence could have been deposited 
over one year. 

To check if the sandstone/siltstonc couplets rep¬ 
resent annual deposition, a cyclicity analysis was 
carried out. The lithology (sandstone or siltstone) 
was recorded every 2 cm for three measured strati¬ 
graphic sections totalling 169 m; each lithology was 
then analysed for each stratigraphic column (6 analy¬ 
ses in all) using a Walsh Transform in a two coded 
(presence/absence) system (Jell & Brownlaw 2000). 
The results (Fig. 6) show peaks in cyclicity at 0.14- 
0.18 and 0.28-0.37 cycles/mcter present in four of 
the six analyses, with another peak at 0.53 cycles/ 
meter present in only two of the analyses. There are 
on average 50 sandstone/siltstone couplets every 10 


m, giving an overall accumulation rate of 0.2 m/year 
(assuming that the couplets are annual). Using this 
sedimentation rate, the major cycles have periodici¬ 
ties of 28-35 and 13.5-18 years respectively, with a 
minor cycle at 9.5 years. Sunspot activity causes 
short-term climate variation that may be reflected in 
the sediment record; at present it has a periodicity of 
~11 years, with less marked additional cycles at 22 
and 5.5 years (Moran & Morgan 1997). However, in 
the Permian the length of the main sunspot cycle was 
~!4 years (Ernesto & Pacca 1981), matching one of 
the main Bald Hill periodicities (13.5-18 years); the 
other (28-35 years) is twice as long, as might be ex¬ 
pected from the ratios of the present sunspot cycles. 
This suggests that the sandstone/siltstone couplets at 
Bald Hill are annual cycles. 

The total thickness of the interbedded sandstones 
and siltstones at Bald Hill is approximately 180 m; 
for an average accumulation rate of 0.2 m/year, this 
represents <1000 years. This very rapid sedimenta¬ 
tion rate reflects the combination of sediment availa¬ 
bility. a high-energy transport medium and sufficient 
accommodation space. Accumulation rates of this 
magnitude are known from present-day glaciomarine 
environments, e.g. up to 0.3 m/ycar on the Alaskan 
shelf (Molnia 1989). 

The disintegrated granite pebbles in the con¬ 
glomerate layer were transported as weathered clasts 
frozen into the glacier; they were probably carried in 
river ice and broke up as they thawed during trans¬ 
port in the meltwater stream. The dolomite cement 
rind in many of the granite clasts in Morton Con¬ 
glomerate Member also indicates that these clasts 
had undergone weathering prior to deposition. 

Environment of deposition 

Deposition of the glaciomarine strata at Bald Hill oc¬ 
curred on the southern edge of an extensive inland sea 
(Fig. 7: O'Brien 1986; Struckmeyer & Tottcrdell 
1990). However, there is no evidence of wave or tide 
reworking of these sediments, as is common on mod¬ 
ern glaciomarine shelves, e.g. Alaska, where long¬ 
shore currents and waves quickly remove and redeposit 
sediment supplied by meltwater streams (Molnia 
1989). Furthermore, Early Permian glaciomarine sedi¬ 
ments in southeastern New South Wales record exten¬ 
sive storm reworking (Eyles ct al. 1998). This suggests 
that the Early Permian glaciomarine sedimentation at 
Bald Hill occurred in a protected embayment, analo¬ 
gous sedimentologically to a fjord (but in a different 
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cycles/meter 

Fig. 6. Representative Walsh transform analyses of the bed cyclicity in the interbedded sandstonc/siltstonc unit at Bald 
Hill; part of stratigraphic section analysed is shown in Fig. 4. 

topographic setting, lacking confining steep walls). to the ocean (Drcwry 1986). In ljords beyond the di- 
Fjords almost always have a sill at the mouth, so they rect influence of glaciers and icebergs, meltwater run- 
are semi-enclosed but generally have free connection off during summer contributes a high sediment input, 
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forming prograding deltas at the mouths of meltwater 
streams; submarine slumping on the steep delta slopes 
is ubiquitous and generates turbidity currents that de¬ 
posit moderately well sorted interbcdded silts and 
cross-laminated sands on the fjord floor (I’owell 1983; 
Armentrout 1983; Syvitski et al. 1987). Rates of sedi¬ 
mentation in fjords arc very high, particularly near 
deltas, and reach 0.2 to over 1 m/year (Drcwry 1986; 
Molnia 1989). In winter sediment input virtually 
ceases; sea ice may cover the fjord and tidal currents, 
often weak, are the only energy source. 

The embayment at Bald Hill was relatively shal¬ 
low; the total thickness of the section of interbcdded 
sandstones and siltstones (180 m) represents approx¬ 
imately its depth. The barrier separating it from the 
inland sea was probably moraine left by the retreat of 
the glacier that truncated and folded the underlying 
beds. During deposition of the Bald Hill strata melt¬ 
water streams entering the embayment formed a 
delta front sloping consistently towards the north, as 
shown by the northwards palaeocurrent directions 
recorded by the turbidity flows moving down the 
delta slope (Fig. 5). There is no evidence of icebergs 
(e.g. dropstones, sediment deformation), so the gla¬ 
cier margin had retreated inland. The overall upward 
coarsening trend within the interbcdded sandstone/ 
siltstone section, whereby the sandstones become 
thicker and more common and thin pebble layers ap¬ 
pear, formed as the delta prograded. There is an ac¬ 
companying up-sequence decrease in abundance of 
dolomite and change in ichnofauna from Planolites 
to Muensteria, along with the appearance of leaves 
and stems in the sandstones. Muensteria is character¬ 
istic of non-marine environments (Ekdale et al. 
1984), so this reflects a change to freshwater condi¬ 
tions at the mouth oT the meltwater stream flowing 
into the advancing delta. 

The fauna within the glaciomarine sediments 
comprises Planolites (? one species), arenaceous fo- 
raminifera and rare conulariids (one species of Noto- 
conularia ); one species of the brachiopod 
Trigonotreta and a fenestellid bryozoan have been 
described from nearby coeval sediments at Coimadai 
Creek (Garratt 1969; Archbold 1991). The low diver¬ 
sity of the fauna suggests that conditions in the em¬ 
bayment were hostile; those organisms that could 
adapt became very abundant (Planolites). The limit¬ 
ing factors were the seasonal high turbidity, particu¬ 
larly on the sea floor, and the low nutrient 
concentrations accompanying the quiet conditions in 
the embayment; present-day fjords with minimal bi¬ 
omass and diversity have a low level of hydrody¬ 


namic energy that inhibits nutrient input (Drewry 
1986). The low temperatures and winter darkness did 
not limit faunal diversity, because Early Permian 
sediments in the Sydney Basin to the northeast and 
Tasmania to the southeast, deposited under open 
ocean conditions, contain a much more diverse fauna 
(Herbert & Hclby 1980; Clarke 1989). Salinity was 
probably not an issue. The abundance of dolomite in¬ 
dicates that the salinity of the Permian inland sea in 
central Australia was approximately normal, as does 
the presence of open ocean fauna (conulariids, bra- 
chiopods and bryozoans). Thus the connection be¬ 
tween this sea and the open ocean must have been 
sufficiently broad and deep to maintain the salinity 
of the inland sea despite the influx of fresh water 
from the melting ice sheet; in comparison, the Baltic 
Sea, which is about half the dimensions of the Per¬ 
mian sea, has substantially lower salinity than ocean 
water, because of its restricted connection to the 
open ocean. 

PALAEOGEOGRAPHY 

In the Early Permian central Victoria lay at about 75- 
80°S, close to the Palaeo-Pacific Ocean (Fig. 7). 
During the glaciation an inland sea occupied part of 
central Australia, extending into northern Victoria. 
As the continental ice sheet receded, this sea ex¬ 
panded southwards into central Victoria to Bald Hill, 
as shown by the glaciomarine sediments there. The 
salinity of this inland sea was close to normal and the 
connection to the open ocean unrestricted, as previ¬ 
ously discussed. Struckmeyer & Totterdell (1990) 
and Veevcrs (2000) proposed that this connection 
was with the Palaeo-Pacific Ocean and lay to the 
south of Victoria, across present-day Tasmania. How¬ 
ever. ice transport directions across southeastern 
Australia indicate that this area was covered by the 
continental ice sheet, which was probably centred in 
North Victoria Land in Antarctica (Fig. 7; O'Brien et 
al. 2003). The inland sea cannot have connected di¬ 
rectly eastwards to the Sydney Basin, because a 
north-south mountain range separated the two (Her¬ 
bert & Hclby 1980). Instead it is more likely that the 
inland sea joined the shallow sea that covered north¬ 
western Australia in the Early Permian (Fig. 7), and 
connected with the Tcthys Ocean to the northwest 
rather than the Palaeo-Pacific Ocean to the east. 

The palaeobiogeographie affinities of the fauna in 
the Bacchus Marsh Formation are unclear, due to the 
very small number of species present. The brachiopod 


GLACIOMARINE EARLY PERMIAN STRATA AT BACCHUS MARSH, CENTRAL VICTORIA 


385 



Fig. 7. Palacogcography ol'Australia in the Early Permian, showing the coastline at the maximum extent of the continen¬ 
tal ice sheet (solid line), and during the waning stages of the glaciation (dotted line). Plate reconstruction and Antarctic 
coastline from Miller and Collinson (1994); position of ice centre and generalised ice transport directions (shown by ar¬ 
rows) from O’Brien el al. (2003); coastline in Tasmania from Clarke (1989); palacolatitude from Vecvers (2000); coastline 
in eastern and northwestern Australia from Struckmeyer and Totterdell (1990) and Herbert and Helby (1980). Note that 
plate reconstructions by Struckmeyer and Totterdell (1990) and Veevers (2000) place the Lord Howe Rise east of southern 
Australia; Miller and Collinson (1994) place it east of Antarctica, as shown here; both interpretations are consistent with the 
palaeogeographic arguments presented here. 
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Trigonotreta is present in both the Westralian and 
Austrazean Provinces that occupied the western and 
eastern margins of the Australian portion of Gond- 
wana respectively (Archbold 2000). The conulariid 
Notoconularia is present in only the Austrazean Prov¬ 
ince, but it is so rare in tire Bacchus Marsh Formation 
that the significance of this is uncertain. 

In Antarctica another Early Permian inland sea 
formed in front of the retreating continental ice (Fig. 
7), and was bordered by a braided outwash plain 
(Miller & Collinson 1994). This sea accumulated 
100-200 nr of turbidites that resemble the coeval 
Bald Hill glaciomarine sediments. However, the lack 
of fossils and absence of dolomite in the Antarctic 
turbidites indicate that the sea here was fresh to 
brackish and therefore did not connect to the Aus¬ 
tralian sea; instead it extended several hundred kil¬ 
ometers towards South Africa (Fig. 7). 

CONCLUSIONS 

At Bald Hill in central Victoria a well-exposed se¬ 
quence of glaciomarine strata forms the upper part of 
the late Sakmarian Bacchus Marsh Formation, and 
was deposited in an inland sea of normal salinity that 
extended across central Victoria when the continen¬ 
tal ice sheet receded to the south. As the glacier re¬ 
treated and sea level rose, the initial transgression at 
Bald Hill deposited a thin conglomerate, formed by 
limited reworking of a diamictite. A relatively shal¬ 
low, protected, low energy embayment of the inland 
sea then accumulated -180 m of interbedded dolom- 
itic sandstones and siltstones with abundant sedi¬ 
mentary structures, including runzelmarks on the 
base of sandstone beds. These sediments were de¬ 
posited by turbidity flows generated annually by the 
summer influx of sediment in the meltwater streams 
draining the ice sheet. Following each turbidity flow, 
the surface of the silt was frequently burrowed by 
Planolites and colonised by microbial mats, which 
provided cohesion, so the silt surface was wrinkled 
rather than eroded by the next turbidity flow. The 
very rapid accumulation rate (-0.2 m/year; the entire 
sequence was deposited in <1000 years) is typical of 
glaciomarine environments. Palaeocurrent data from 
the turbidites show that the seafloor sloped north¬ 
wards. The very limited fauna in the sediments prob¬ 
ably reflects the seasonally turbid bottom waters and 
low nutrient levels. The interbedded sandstone/silt- 
stone sequence coarsens upwards, accompanied by a 
decrease in dolomite content and a change in ichno- 


fauna from Planolites to Muensteria; this was due to 
progradation of the delta at the mouth of the meltwa¬ 
ter streams. The approximately normal salinity of the 
inland sea show's that it w'as connected to the open 
ocean, probably the Tclhys to the northwest, but not 
to the very extensive fresh-brackish inland sea in 
Antarctica to the south. 
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SOME SPIRIFERID BRACHIOPODS FROM THE PERMIAN OF 
TIMOR (INDONESIA) 

Cor F. Winkler Prins 

Nationaal Natuurhistorisch Museum, Postbus 9517, 2300 RA Leiden, The Netherlands. 

Winkli r Prins, C. F„ 2008. Some spiriferid brachiopods from the Permian of Timor (Indonesia). 
Proceedings of the Royal Society of Victoria 120( I): 389-400. ISSN 0035-9211. 

The study of neospiriferinc and spiriferidine brachiopods from the Permian of Timor (Indonesia) 
present in the collections of the Nationaal Natuurhistorisch Museum (National Museum of Natural His¬ 
tory, Leiden, The Netherlands) resulted in a revision of the species Spirifer timorensis Martin. 1881 and 
Crassispirifer broilii Waterhouse, 2004 and the description of a new species, Latispirifer archboldontm 
sp. nov. Also, a new genus, Arcltboldiella , is created, based on the aberrant species Spirifer basleoensis 
Hayasaka & Hosono, 1951. 

Key words: Spirifcrida, Permian, Timor, Indonesia. 


SOME neospiriferinc and spiriferidine brachiopods 
from the Permian of Timor (Indonesia) stored in the 
collections of the Nationaal Natuurhistorisch Mu¬ 
seum at Leiden (The Netherlands) have been revised, 
and some additional specimens from the Artis Geo- 
logisch Museum (Amsterdam, The Netherlands) 
have been studied. It should be noted that negotia¬ 
tions are underway to transfer the collections of Artis 
Geologisch Museum to the Nationaal Natuurhistor- 
isch Museum at Leiden. The Museum in Leiden 
houses amongst others the important collection of 
Molengraaff, partly described by Broili (1916) and 
Hamlet (1928). This collection was formerly housed 
at the museum of Delft Technical University and re¬ 
cently donated to the Nationaal Natuurhistorisch 
Museum (see Winkler Prins, 2004). The neospirifer- 
ine material was put apart for further study by Neil 
Archbold and me when he visited the Nationaal Nat¬ 
uurhistorisch Museum in 2005 after the V Interna¬ 
tional Brachiopod Congress at Copenhagen and we 
both visited the Artis Geologisch Museum in Am¬ 
sterdam. It should have formed the basis for our first 
joint paper under the auspices of our project ‘Per¬ 
mian brachiopods from Timor’. His untimely demice 
prevented this, however. 

Unfortunately, the exact locality and age cannot 
be ascertained for the old collections from the Per¬ 
mian of Timor since the material was generally 
bought by the basket load from the local inhabitants. 
However, an age indication can be given for certain 
(brachiopod) localities, as provided by Archbold in 
Charlton et al. (2002). 


SYSTEMATICS 

In the following section I have used the classification 
of Waterhouse (2004), taking the revised Treatise of 
Invertebrate Paleontology (Carter 2006) also into 
consideration. 

Registration numbers prefixed RGM belong to 
the old collections of the Nationaal Natuurhistorisch 
Museum, whilst those prefixed THD are from the 
newly acquired collections of the museum of Delft 
Technical University, now also belonging to the afore¬ 
mentioned museum. For measurements see Table 1. 

Subphylum Rl IYNCHONELL1FORMEA Williams, 
Carlson, Brunton, Holmer& Popov, 1996 
Class RHYNCHONELLATA Williams, Carlson. 
Brunton, llolmer& Popov, 1996 
Order SPIRIPERIDA Waagen, 1883 
Suborder SP1R1FERIDINA Waagen, 1883 
Superfamily SP1RIFEROIDEA King, 1846 
Family NEOSPIRIFERIDAE Muir-Wood & 
Cooper, 1960 

Subfamily FUSISPIR1FERINAE Waterhouse, 2004 

Genus Crassispirifer Archbold & Thomas, 1985 

Type species. Spirifer rostalinus Hosking, 1931. 

Diagnosis. Shell moderate to large, transverse to sub- 
rectangular, may be strongly transverse and even 
alatc in early ontogeny; fold (fastigium) and sulcus 
prominent; ornament consisting of numerous sub- 
equidimcnsional costae, which bifurcate and trifur¬ 
cate; plicae and fasciculation weakly to moderately 
developed, one or two pairs of plicae in sulcus and on 
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Table l. Measurements in mm of the described species, type specimens indicated with an asterix. L = length, W = width, 

Ls = surface length, Hi = height interarea of pedicle valve, Li = length interarea. 


specimen 

L 

KW 

H 

Ls 

Hi 

'ALi 

costae/ 

5mm 

'A No. of 
plicae 

Cmssispirifer timorensis 

RGM 12040* 

38.5 

31 

40 

>56 

6 

28 

6-7 

7 

RGM 15845 

38 

30 

31 

63 

>3.5 

26 

7 

5 

Crassispifer cf. timorensis 

THD 12473 

25 

19 

15 

40 

3 

18 

7 

5 

Crassispirifer brnilii 

Broili (1916, pi. 120: 11)* 

31 

30 

- 

- 

- 

- 

- 

6 

THD 2650 

59 

54 

46 

100 

8.5 

>45 

7 

6 

Latispirifer archboldorum 

THD 12476* 

52 

67 

40 

75 

6.5 

>65 

9 

7 

THD 12748 

57 

83 

- 

>70 

- 

83 

9 

8 

THD 12474’ 

44 

>46 

37.5 

83 

4 

35 

9 

5 

L8519a (Artis Geol. Mus.) 

49 

51 

37 

80 

c.4 

>42 

9 

7 

L8519b (Artis Geol. Mus.) 

47 

52.5 

35 

80 

- 

>42 

9 

6 


fold, no plicae on ears; micro-ornamentation of fine 
capillac and small growth lamellae. Delthyriai plates 
weakly developed or absent. 

Discussion. The genus Crassispirifer is distinguished 
by its micro-ornamentation of fine capillae and small 
growth lamellae and the presence of plicae in the sul¬ 
cus. It differs from Fusispirifer (Waterhouse, 1966) 
by the presence of plicae in the sulcus and becoming 
less transverse during ontogeny and from Transver- 
saria (Waterhouse & Gupta, 1983) also by its high 
fold and deep sulcus (see Archbold & Thomas, 
1985). It is less transverse than Latispirifer , which 
apparently has no capillac. The diagnosis of the 
genus has been extended so as to include Spirifer 
timorensis , which shows no delthyriai plates. 

Cmssispirifer Abramov & Grigorieva, 1986 is a 
junior synonym and was renamed Doescherella by 
Abramov & Grigorieva (1987). 

Distribution. Permian of Australasia: Pakistan, West¬ 
ern Australia, Timor (Indonesia), and Russia. 

Crassispirifer timorensis (Martin, 1881) 

Fig. 1A-F. 

Spirifer Moosakhailensis Dav. - Beyrich, 1865: 77, 
pi. 1, fig. 7. 

pars Spirifer timorensis nov. spec. - Martin, 1881: 
41, pi. 2, fig. 7; non fig. 8. 


pars Spirifer timorensis nov. spec. - Martin, 1882: 

112, pi. 2, fig. 7; non fig. 8. 
pars Spiriferfasciger Keys. - Pannekoek, 1931: 419 
footnote I (non cet.). 

Neospirifer timorensis (Martin, 1881)- Archbold & 
Thomas, 1986: 136. 

Neospirifer timorensis (Martin, 1881)- Archbold & 
Bird, 1989: fig. 6B-E. 

Neospirifer timorensis (Martin, 1881) - Winkler 
Prins, 1989: fig. 34. 

Material. Lectotypc RGM 12040 (Martin 1881: pi. 2, 
fig. 7; sec Archbold & Thomas, 1986, p. 136; Fig. 1A- 
C), collected by Dr C.F.A. Schneider from Kali Mati 
near Kupang (Amarassi region and therefore probably 
of late Wuchiapingian age; see Archbold in Charlton 
et ah, 2002: 741); a specimen from Nefotassi (RGM 
15845), probably of a similar (Kungurian-Ufimian) 
age as the Bitauni brachiopods, collected by Dr H.J.W. 
Jonkcr during the second Dutch Timor expedition 
(Fig. 1D-E). The second specimen figured by Martin 
(1881: pi. 2. fig. 8; RGM 12041) is not considered 
conspecific nor congeneric (see below). 

A specimen from Bitauni (THD 12473, Molen- 
graaff collection; Fig. IF), is considered a possible 
young individual (see below) and is classified as 
Crassispirifer cf. timorensis. However, its moderate 
size is considered by Archbold (op. cit.) to be typical 
for the Bitauni spiriferids, which are presumably of 
Kungurian-Ufimian age. 




























































SOME SPIRIFERID BRACHIOPODS FROM THE PERMIAN OF TIMOR (INDONESIA) 


391 



Fig. /. A-E: Crassispirifer timorensis (Martin, 1881). A-C, Lcctotypc (RGM 12040, collection Schneider), Kali Mati 
near Kupang, probably late Wuchiapingian (see also Martin 1881/1882: pi. 2, fig. 7: Archboid & Bird 1989: fig. 6B-E); A: 
ventral view, x 1. B, posterior view, x I. C. dorsal view, x I. D-E, specimen from Nelbtassi (RGM 15845, collection 
.lookers) probably of Kungurian-Ufimian age. D, ventral view, x 1. E, part of the surface of the pedicle valve showing the 
growth lamellae and capillae, x 15. F: Crassispirifer cf. timorensis (Martin, 1881) (TIID 12473, collection MolengraafT, 
Bitauni, probably of Kungurian-Ufimian age; see also Broili, 1916: pi. 120, fig. 12); ventral view, x 1. note the numerous 
borings (identified as Oichmts simplex Bromley, 1981 by Dr S.K. Donovan) not shown by Broili. 


Diagnosis. Medium-sized, subquadrate species of 
Crassispirifer with globose brachial valve and more 
gently convex pedicle valve; fold and sulcus promi¬ 
nent, V-shaped. Ornamentation of fine, equidimen- 
sional costae, which bifurcate and trifurcate, forming 
fasciculae on up to 7 plicae on either side, which be¬ 
come less pronounced towards the lateral margins; 
the innermost plicae become incorporated in the sul¬ 
cus/fold anteriorly; prominent central costa in the 


sulcus; micro-ornamentation of fine capillae and 
small growth lamellae. Delthyrial plates absent. 

Description. Medium-sized shells (for some measure¬ 
ments see Table 1) with a subquadrate outline. Pedicle 
valve gently convex with deep, V-shaped sulcus; inter¬ 
area high (H = c. 5 mm), subrectangular, with open 
delthyrium. Brachial valve globose at maturity, with 
prominent, V-shaped fold; interarea narrow (H = c. 








392 


COR F. WINKLER PRINS 


2 mm). Ornamentation of fine, equidimensional cos¬ 
tae, which bifurcate and trifurcate, forming fasciculae 
on up to 7 plicae on either side, which become less 
pronounced towards the lateral margins; the innermost 
plicae become incorporated in the sulcus/fold anteri¬ 
orly; prominent central costa in the sulcus; micro-or¬ 
namentation of fine capillae, c. 9 per mm (not seen on 
the holotypc because the surface ornamentation is too 
poorly preserved, but visible on the specimens from 
Nefotassi and Bitauni, see Fig. IE), and small growth 
lamellae, 3 per mm. 

Internal structure unknown. 

Comparison. From the other species assigned to 
Crassispirifer by Archbold & Thomas (1985) this 
species is distinguished by its subquadratc shape, its 
globose brachial valve, prominent fasciculation, the 
prominent central costa in the sulcus of the pedicle 
valve and the absence of delthyrial plates. 

Comments. The second specimen assigned by Martin 
(1881; pi. 2, fig. 8; 1882; pi. 2, fig. 8) to his new spe¬ 
cies Spirifer timorensis , and thus originally a syn- 
type, is not a Crassispirifer and obviously does not 
belong to this species (see also Archbold & Thomas, 



Fig. 2. A-li: Spiriferella? sp., pedicle valve (RGM 
12041) originally described as a youthful specimen of 
Spirifer timorensis nov. spec, by Martin (1881: 42, pi. 2. 
fig. 8; also in 1882: 113, pi. 2, fig. 8), collection Schneider, 
Kali Mati near Kupang, probably late Wuchiapingian. A, 
ventral view x 2. B, posterior view x 2. 


1985); it could be a Spiriferella (see Fig. 2A-B). A 
specimen from Nefotassi (RGM 15845; Fig. 1D-E), 
on the other hand, is closely comparable and here as¬ 
signed to this species, although it differs in having a 
less sharp fold and sulcus, more like a specimen fig¬ 
ured by Broili (1916, pi. 120. fig. 13). It shows the 
micro-ornamentation of fine capillae (not observed 
on the holotype) and small growth lamellae. 

The specimens from Bitauni figured by Broili 
(1916: pi. 120, figs. 12-13) are closely comparable in 
ornamentation to Martin’s species, but they arc much 
less globose. The specimen of fig. 12 (TIID 12473; 
Fig. 1F) is also smaller with a weakly convex brachial 
valve, but does show a prominent median costa and 
could be a young specimen that had died early (possi¬ 
bly due to the numerous (gastropod?) borings, identi¬ 
fied as Oiclmus simplex Bromley, 1981 by Dr S.K. 
Donovan); it is identified as Crassispirifer cf. timoren¬ 
sis (Martin, 1881). The other Specimen, depicted on 
fig. I3a-b, should have been part of the Molengraaff 
collection at Delft Technical University, but it could 
not be found in the collection and the specimen regis¬ 
tered as such (THD 12474, with a label stating 
' Spirifer fasciger Keyscrling, Bitauni, Broili, 1916, pi. 
120, fig. 13’) is quite distinct and here assigned to the 
new species Latispirifer archbolclornm (Fig. 6A-C); it 
may not even be from Bitauni. The original specimen 
is either lost or mixed up with the Wanner material at 
Bonn (Germany). The other specimens figured by 
Broili (1916) as Spiriferfasciger Keys, show little or 
no resemblance to Crassispirifer timorensis: the speci¬ 
men depicted on Broili’s pi. 120, fig. 11 is the holo¬ 
type of Crassispirifer btvilii Waterhouse, 2004, the 
one of pi. 121, fig. I was assigned doubtfully by Wa¬ 
terhouse (2004) to that species, whilst those of pi. 121, 
figs. 2-3 are described below as a new species, Lat¬ 
ispirifer archhohlorum. 

Crassispirifer broilii Waterhouse, 2004 
Fig. 3A-C. 

pars Spirifer fasciger Keyscrling Broili, 1916: 37, 
pi. 120, figs. 10?, 11, 13?; 121, fig. 1? (non 
cet.). 

pars Spirifer fasciger Keyscrling - Hamlet, 1928: 
38. 

pars Crassispirifer broilii Waterhouse, 2004: 155-157. 

Holotvpe. Bonn: internal mould (Broili. 1916: pi. 120, 
fig. 11). 
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Fig. 3. Crassispirifer broilii Waterhouse, 2004; specimen from Ayer Mali near Kupang, probably late Wuchiapingian 
(THD 2650, collection MollengraafT). A, ventral view, x 0.9. B, anterior view, x 0.9. C, dorsal view, x 0.9. 
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Type locality and horizon. Basleo (Timor, Indone¬ 
sia), probably early Wuchiapingian. 

Material. The holotype; a specimen from Ayer Mati 
near Kupang probably of late Wuchiapingian age 
(THD 2650, collection Moolengraaff; see Fig. 3A- 
C), here tentatively assigned to this species; and pos¬ 
sibly another specimen from Basleo (Broili 1916: pi. 
121, fig. I; see Waterhouse, 2004: 156). 

Diagnosis. Medium-sized, transverse shell with com¬ 
paratively narrow sulcus widening anteriorly, fold 
low; plicae well defined with one pair in sulcus; dcl- 
tidial plate was present but is lost. 

Description. Medium-sized, transverse shell, probably 
with hinge somewhat less than the greatest width (al¬ 
though no complete specimens are known). Umbo low, 
comparatively narrow sulcus widening anteriorly, fold 
low; plicae well defined with one pair in sulcus anteri¬ 
orly, costae forming distinct fasciculae. Pedicle valve 
interior shows that a deltidial plate U'as present but is 
lost, no callosity developed (according to Waterhouse, 
2004; cannot be seen on the only published figure: 
Broili 1916: pi. 120, fig. 11); adminieula are present. 
Brachial valve interior (also according to Waterhouse, 
2004) with well developed ctenophoridium, a slender 
medium septum in front of it, and small crural plates. 

Comments. The species is based on a fragmentary in¬ 
ternal mould of which only the ventral side has been 
figured by Broili (1916: pi. 120, fig. 11). Unfortu¬ 
nately the specimen has not been refigured by Water- 
house (2004). The original description of the species 
was partly based on specimens which are considered 
not to be conspccific by the present author and are 
described below as Latispirifer archboldorum sp. 
nov. The micro-ornamentation could not be observed 
on the holotype. The species is distinguished from C. 
timorensis (Martin, 1881) mainly by its less convex 
brachial valve, wider and less sharp sulcus, and the 
absence of a prominent central costa in the sulcus. 

The specimen from Leti described and figured 
by Broili (1915: pi. 21. fig. 19) and questionably as¬ 
signed to Crassispirifer broilii by Waterhouse (2004: 
155) shows no close similarity to this species, nor to 
Latispirifer archboldorum. 

Genus Latispirifer Archbold & Thomas, 1985 

Type species. Latispirifer callytharrensis Archbold 
& Thomas, 1985. 


Diagnosis. Shell large, transverse; ornament consist¬ 
ing of numerous fine equidimensional costae, which 
may bifurcate and trifurcate, plicae and fasciculation 
weak to moderately developed; prominent growth¬ 
lines, capillae absent; fold (fastigium) and sulcus 
prominent. Delthyrial plates variably developed. 

Discussion. The genus Latispirifer. as emendated here, 
is regarded to belong to the Fusispiriferinae rather than 
to the Spirifcrinae (see Waterhouse, 2004: 145) be¬ 
cause its fasciculation, though sometimes weakly de¬ 
veloped, and transverse shape indicate a closer relation 
to that group. It is distinguished by its wide shell and 
differs from Fusispirifer (Waterhouse, 1966) and 
Transversaria (Waterhouse & Gupta, 1983) by its high 
fold and deep sulcus (see Archbold & Thomas, 1985). 

Distribution. Permian of Australasia: Western Aus¬ 
tralia, Timor (Indonesia), and possibly the Urals. 

Latispirifer archboldorum sp. nov. 

Figs 4A-D, 5, 6A-C, 7A-B. 

pars Spirifer fasciger Keyserling - Broili, 1916: 37, 
pi. 121, figs. 2, 3 (non cet.). 
pars Spirifer fasciger Keyserling - Hamlet, 1928: 
38. 

Holotype. THD 12476, damaged bivalved specimen 
figured by Broili (1916: pi. 121, fig. 2; Figs 3A-E). 

Type locality and horizon. Noil Fatoe near Niki-Niki 
(Basleo area, Timor, Indonesia), probably early 
Wuchiapingian. 

Derivatio nominis. The species is dedicated to the 
late Professor Neil Arehbold and his wife Linda for 
their kind hospitality during my visit to Melbourne 
(Deakin University) for the project ‘Permian brachi- 
opods of Timor’. 

Material. The holotype and specimens THD 12478 
(Broili, 1916, pi. 121, fig. 3; refigured as Fig. 5), THD 
12474’ and L85l9a & L8519b (from near Basleo, 
probably early Wuchiapingian; collection Artis Geolo- 
gisch Museum, Amsterdam). 

Diagnosis. Large species of Latispirifer with well 
developed plicae and thin costae forming fasciculae. 

Description. Large shells (specimen THD 12478 is 
as far as I know the largest spiriferid that ever lived). 
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Fig. 4. Latispirifer archboldonim sp. nov.; liolotype THD 12476, collection MolengraafT, noil Fatoc near Niki-Niki 
(Baslco area, Timor, Indonesia), probably early Wuchiapingian (see also Broili, 1916, pi. 121, fig. 2). A, ventral view, x 0.8. 
B, posterior view, x 0.8. C, anterior view, x 0.8. D, dorsal view, x 0.8. 
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Fig. 5. Lalispirifer archboldorum sp. nov.; large pedicle valve (THD 12478, collection Molcngraaff), Sabau NNW of 
Kupang, probably late Wuchiapingian in age (see also Broili, 1916, pi. 121, fig. 3), x 1. 
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Fig. 6. Latispirifer archboldorum sp. nov. A-C, Specimen THD 12474’ labelled: ‘THD 12474 Spirifer fasciger 
Keyserling, Bitauni, Broili, 1916, pi. 120, fig. 13’, but not identical with tbc specimen figured by Broili, collection 
Molengraaff, Bitauni?. A, ventral view, x 1. B, anterior view, x 1. C, dorsal view, x I. If the specimen is indeed from Bitauni, 
it is probably of Kungurian-Ufimian age. 
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Fig. 7. Latispirifer archboldorum sp. nov. A-B, specimen from near Basleo, probably early Wucliiapingian in age (col¬ 
lection Artis Geologisch Museum L8519a). A, ventral view, most of pedicle valve missing, showing adminicula, part of spi- 
ralia and the interarea of the brachial valve, x 1. B, anterior view, x 1. 


Plicae and fasciculation well developed, more than 
normal for the genus, becoming less distinct laterally 
and anteriorly, but still observable at the anterior 
margin. Costae thin, equidimensional. Hinge widest 
part of the shell, ears small. Delthyrial plates not ob¬ 
served. Internal structure unknown. 

Comparison. From the species assigned to Lati- 
spirifer by Archbold & Thomas (1985) our species is 
distinguished by its large size, more prominent fas¬ 
ciculation and the absence of delthyrial plates. 

Crassispirifer timorensis (Martin, 1881), on the 
other hand, has an even more prominent fascicula¬ 
tion, coarser costae with a prominent central costa in 
the sulcus and is less wide, being almost as long as 
wide, and has a more globose shape. Crassispirifer 
broilii Waterhouse, 2004 is smaller, more quadrate 
and has coarser costae. 


Family SPIR1FERELLIDAE Waterhouse, 1968 
Genus Archboldiella gen. nov. 

Type species. Spirifer basleoensis Hayasaka & 
Hosono, 1951. 

Diagnosis. The genus is distinguished by its peculiar 
ornamentation of parallel costae in the sulcus and on 
the fold. 

Discussion. Although apart from the holotype of the 
type species (Hayasaka & Hosono 1951, Fig. l)only 
one other (deformed) specimen was assigned to the 
type species (Broili I9l6.pl. 120, fig. 15). the paral¬ 
lel costae in the sulcus are considered so characteris¬ 
tic, that the creation of a new genus seems warranted. 
The remainder of the ornamentation and the shape of 
the shell suggest that this genus belongs to the Spirif- 
ercllidae and is closest to Arcullina Waterhouse, 
1986, since it also lacks a median grove on the fold. 
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A third specimen was found in the Molengraaff col¬ 
lection of our museum (formerly in Delft), support¬ 
ing the idea that the type species is not just an 
aberrant form. Unfortunally, it was borrowed by Neil 
Archbold for closer study and should at the moment 
still be at Deakin University. 

Distribution. Archbolcliella is only known from the 
Permian (probably early Wuchiapingian) of Basleo 
(Timor, Indonesia). 
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